
NFITIONFIL tiIGl-iUf=~Y TRFIFFIC SFlFETY l=lDtlINISTR~TION 

UaSHINGTON. D Cm 

UEHICLE TEST REPORT 

TEST # 

3 8 0 

c 



DOT HS-605 066 

9 

EVALUATION PLAN FOR 
FEDERAL MOTOR VEHICLE SAFETY STANDARD 208 
OCCUPANT CRASH PROTECTION 

OCTOBER 1979 

c 
1 

, 

Prepared by: 

U.S. DEPARTMENT OF TRANSPORTATION 
National Highway Traffic Safety Administration 
Dffice of Program Evaluation 
Washington, D.C. 20590 



- 

NHTSA EVALUATION PLAN FOR 
FEDERAL MOTOR VEHICLE SAFETY STANDARD 208 

OCCUPANT CRASH PROTECTION 

OCTOBER 1979 



TABLE OF CONTENTS 

Executive Summary ................................................... V 

1. NHTSA's CALL TO EVALUATE STANDARD 208 ........................... 1 

Introduction .................................................... 
NHTSA's Evaluation Mission ...................................... : 
Earlier Automatic Restraint Evaluation Plans .................... 5 
The Period before September 1981 ................................ 6 
The Period after September 1981 ................................. 8 
Summary of Projected On-the-Road Experience Before 

and After 1981 ................................................ 13 
Organization of this Report ..................................... 15 

2. BACKGROUND: OTHER NHTSA PROGRAMS THAT PERTAIN TO FMVSS NO. 208 . 17 

3. EVALUATION OBJECTIVES . . . . . . . . . . ..*..............*............... 25 

Effectiveness ................................................... 26 
Operational Characteristics ..................................... 27 
Public/Industry Acceptance ...................................... 
Cost to Consumer ................................................ 4325 

4. EVALUATION PROJECTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B.............. 47 

. 

5. PROPOSED YHTSA EVALUATION PLAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 

Priorities of the Objectives .................................... 72 
Projects and Completion Milestones for each Objective ........... 74 
Summary Plan Schedule ........................................... 81 
Preliminary Projection of Resource Requirements ................. 84 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 

APPEND1 X A: SJATIS JICAL METHODS . . . . . . . . . . . . . . . . . . . . . . . ..*.......... 91 

iii 



EXECUTIVE SUMMARY 

( Federal Motor Vehicle Safety Standard 208 will require automatic crash 

L protection for front seat occupants ln full-sized automobiles beginning 

2 in model year 1982. Automatic crash protection will be required for \ 

4 intermediate and compact passenger automobiles in model jear 1983, and 

- for subcompacts in 1984. Automatic restraints have been avallable as 

(, optional equipment on a few makes and models since 1974. There were 

I over 150,000 such automobiles on the highway by mid-1979 and more are 

Y, expected to be sold prior to the Standard's effective date. Standard 

4 205 1s one of the National Highway Traffic Safety Administration's 

la(NHTSA) most slynlflcant regulations. 

This 1s NHTSA's proposed plan for evaluating automatic restraint systems 

and Standard 208 during the period 1980-86. The plan covers passenger 

automobiles equipped with automatic crash protection both prior to and 

after the Standard's effective dates. The development of an evaluation 

plan prior to the effective date of a maJor regulation is a requirement 

based on the President's Executive Order 12044 and the Department of 

Transportation's "Statement of Regulatory Policies and Procedures." The 

Department stated that it would evaluate the Standard in the preamble of 

the Standard issued in June 1977. 



The National Transportation Safety Board (NT.%) and the General 

Accounting Office (GAO) both reviewed Standard 208 and, ln view of the 

exceptional slgnlflcance of the regulation, they also recommended that 

NHTSA prepare a complete evaluation plan. The NTSB further recommended 

that the plan be published for public comment by October 1979. 

The evaluation plan, as can be seen below, addresses an extensive list 

of specific questions. Most of the questions dre not new: NYTSA has 

developed, to date, answers to most of them ds d result of an extensive 

program of testing, data collection and analysis of automatic 

restraints. VHTSR has, for tlxample, published estimates of the 

effectiveness of restraints, their cost, dnd the lihely usage rates of 

automatic belts and has refined tne estimates as addltlonal information 

became avallable. Since 1978, and throughout the period of the 

lmplementatlon of Standard 208, NHTSA will publish Occupant Protection 

Progrdrn Progress iieports. 

The purpose of this evaluation plan is to make further refinements in 

the assessment of the actual, on-the-road experience of automobiles with 

automatic restraints as the Standard takes effect. Also, should 

unexpected problems occur with particular cars equipped with automatic 

restraints, the evaluation plan will endble NHTSA and the auto makers to 

become aware of them promptly and to tdke remeiilal action. This could 

also encouraye forelyn car fnanufacturers to Increase the variety of 

automatic restraint system designs avallable to the Arnerlcan public. If 

consumers have a choice of restraint systems, and have the lnformatlon 

developed ln the evaluation available, they are ilore likely to make a 

choice of systerlls that will give them the best protection. 

The primary obJectlvcs of this evaluation are: 
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o To measure the actual overall effectiveness of automatic 

restraints in reducing fatalities and injuries in highway 

crashes. 

o To observe the operational characteristics of restraint systems 

on the road and their effectiveness in specific crash situations. 

o To assess the public acceptance and utilization of automatic 

restraints. 

o To assess the industrial consequences of the Standard. 

o To perform a cost analysis of the Standard, including 

manufacturing, repair, and replacement, and to analyze insurance 

savings, etc. 

These 5 general obJectives subsume a larger number of specific 

questions. NHTSA formulated 30 individual evaluation questions and 

ranked them by priority. The questions that have the highest priority 

are: 

o tihat is the fatality reducing effectiveness of the various 

production automatic restraint systems? 

o 'vlhat IS the injury reducing effectiveness of the various 

production automatic restraint systems? 

o What are the attitudes of the general public and of new car 

buyers toward the Standard? 

o What injuries do people in crashes receive with automatic 

restraints? How do they compare with injuries that would have 

occurred if the occupants had been unrestralned? 

o Are there any instances of automat ic restraint malfunct ions in 

crashes? 

o Are there any instances of automatic restraint malfunctions 

during normal vehicle operations? 
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o What other automatic restraint system malfunctions occur? How 

frequent are the malfunctions and what are their causes? 

o What IS the sales rn~x of air bags and automatic belts? 

o What IS the automatic belt usage rate? 

0 How effective are dutorndtic restrdlnts as a function of 

automobile size? 

The questions next in priority are the following: 

o What JS the frequency of air bag deployment in crashes? What 

types of crashes cause deployments? 

o What IS the casualty reducing effectiveness of automatic 

restrdlnts at various leve 1s of crash severity? At various 

dlrectlons of crash force? 

o How effective are restraints in exceptional crash situations, 

such as with occupants of unusual size, with occupants who are 

not in the normal seating position, or under extreme operating 

condltlons? 

o liow are undeployed air bags disposed of when vehicles are 

scrapped? Do vehicle disposal techniques pose any health or 

envlronIIlental hazards? 

o How comfortable and convenient are various production automatic 

belt systems relative to one another? 

o What JS the cost of automatic restraints? 

o What JS the cost of replacing automatic belts or air bags 

deployed in crashes? To what extent JS it paid by insurance 

companies? 
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AGENDA FOR STANDARD 208 
EVALUATION MEETING 

1. Establishment of a permanent work team for Standard 208 evaluation. 

a. Who will be the members? 
b. How will the work team interact with the NHTSA offices that 

perform evaluation projects. (Interactions include project 
scheduling, allocation of resources, technical oversight and 
review.) 

2. Modifying the evaluation plan 

a. Based on comments to the docket received by 2/29/80. 
b. Based on recent production plans submitted by manufacturers. 

3. Coordinate current evaluation activities with the work team: 

a. 
b. 
C. 
d. 

:: 
9. 
h. 

In-depth investigation of air bag accidents (NCSA) 
Automatic belt effectiveness based on FARS (NCSA) 
Automatic belt effectiveness based on State data (NCSA) 
Obtain VIN lists (NCSA) 
Belt usage surveys (ODPR) 
Inquiries about production plans (NRM) 
Air bag effectiveness estimates (NRM) 
Cost and weight analysis (OPE) 

4. Projects that are scheduled to start in 1980, according to our evaluation 
plan. 

a. Limited Accident Reporting System 
b. Controlled tests of belt comfort and convenience 

Automatic belt sales or registration data 
dc: Data on insurance costs 
e. Include repair and maintenance information in repair manuals. 

5. The relationship between the evaluation work team and the implementation 
task force. 

illa 6. i The date of our first evaluation progress report. FA CL '1 

7. Topics for our first evaluation progress report, e.g., 

a. Latest FARS analysis of automatic belts 
b. Latest sumnaries of air bag accident experience 

:: 
Current belt usage (manual and automatic) 
Findings of OPE contract on cost and weight of automatic restraints. 



o What is the effect of the Standard on insurance costs? 

o What product liability claims are made relating to automatic 

restraints? Are product liability claims generally reduced as a 

result of automatic restraints? 

The remaining questions are lower in priority, but should be addressed 

to the extent that resources permit: 

0 

0 

0 

0 

0 

What crash InJuries do users of the various automatic restraint 

systems experience? 

Is there a difference in the effectiveness of automatic 

restraints by seating position (i.e., driver, right front, center 

front)? 

How are various production automatic belts disconnected or 

otherwise not used? What are the reasons for disconnecting or 

not using them? 

How often are deployed air bags not replaced in cars that are 

crashed and later repaired? 

How often are malfunctioning restraint systems left unrepaired? 

How does the standard affect consumers' car buying habits? 

How does the Standard affect manufacturers' decisions on 

automotive design, production and marketing? 

What is the effect of NHTSA public information programs on 

restraint purchase and usage? 

What, if any, is the cost of routine maintenance of restraints? 

What 1s the cost of repairing malfunctioning restraint systems? 

What is the economic impact of the Standard on restraint 

system suppliers? 
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The NHTSA evaluation plan consists of 14 proJects that will be scheduled 

to provide timely and reliable results on each of the evaluation 

questions, especially on the h7gh-prior7ty questions. The proJects 

involve such d7sc7plines as accident 7nvest7gatlon and analysis, 

economic analysis and consumer surveys. NHTSA considers the plan to be 

feasible and consistent with potentially available resources. The 

spec7fic proJects are: 

o National Accident Sampl7ng System data collect7on and analysis 

o Analys7s of new car reg7stration data 

o Ana lys7s of on-the-road belt usage observat7ons 

o New car owner survey 

o Pub lit survey 

o Fatal Accident Reporting System data analysis 

o State accident data analysis 

o In-depth acc7dent 7nvestigation and cl7n7cal ana 

o Analysis of reports to NHTSA's "Auto Safety Hot1 

o Analysis of lnformatlon from auto manufacturers 

lys.1 s 

7ne" 

and restraint 

system suppliers 

o Controlled tests of automatic belt comfort and convenience 

o Cost and weight study based on component teardown of product7on 

restraint systems 

o Analysis of auto repair manual datd to determine the number of 

restraint system replacements, and repair Jobs. 

o Analys7s of 7nsurance cost data 



In add ition to these specific evaluation proJects, NHTSA has six ongo 

programs that pertain to Standard 208: 

ing 

o Industry monitoring actlvlties 

o Research, development and testing of occupant crash protection 

o Safety belt usage stlmulatlon 

o Automobile crashworthiness ratings 

0 Defects investigation 

o Standards enforcement 

tilllIe these progralIis are not part of the evaluation plan per se, they 

will contrlbute useful data to the evaluation effort. In turn, the 

evaluation findings will play a role in shaping the future course of 

these programs. 

The anticipated completion milestones - the dates when interim or 

summary reports dealing with an evaluation questlon can be prepared - 

are sensitive, to some extent, to factors outside of NHTSA's control, 

such as the auto makers' production plans and the sales mix of air bags 

and autornatlc belts. These factors could advance or delay the 

completion of some of the analyses by as much as a year. The following, 

however, IS a year-by-year list of likely evaluation accomplishments 

during the period from calendar year 1980 through calendar year 1986: 

Xl 



1980 

0 

0 

0 

0 

0 

Inltlal estimates of automatic belt fatality and InJury reduction 

Contlnulng in-depth investigation of selected accidents involving 

cars with automatic restraints 

Collection of production and sales information 

1981 

Initial estimate of manufacturing cost of autoiklatic restraint 

systems 

Collection of initial insurance cost information 

1982 

Initial estimates of air bag fatality and inJury reduction 

Inltlal public survey on consumer attitudes towards the Standard 

First study of on-the-road usage of automatic belts III post-Standard 

cars 

Peflnernent of estimates of the manufacturing cost of automatic 

restra-rnts 

First report on product llablllty claims experience 

1983 

o Refined estimates of InJury dnd fatality reductjon 

o Report on restraint-malfunctions and types of inJurles with automatic 

restral nts. 

o Cstlmate of air bag deployment rate 
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o Initial report of owner survey results - restraint malfunction and 

repair, restraint disconnection, public attitude toward automatic 

restraints 

0 Initial estimate of automatic restraint replacement rate 

1984 

o Updated estimates of effectiveness 

0 Summary report on manufacturing cost of automatic restraints 

o Summary report on product llablllty claims experience 

o Summary report on belt comfort and convenience 

1985 

o Summary report on effectiveness - overall, by car size, and in 

specific crash modes 

o Summary report on restraint malfunctions and types of InJuries 

with automatic restraints 

o Summary report on automatic belt usage 

0 Summary report on owner survey results 

1986 

o Summary report on insurance cost reduction due to the Standard 
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NHTSA proposes to Issue evaluation progress reports on an a+proxlmately 

cell-annual basis during 1380-66. The reports WI 11 sumar1 ze the 

results of the cvaluatlon projects dnd present dddltlofldl Jertlnent, 

statlstlcal, enJlneerlrq dnd econ011iic andlyses. 

The NHTSA plan should make It possible to obtain I,laJor results on mst 

of the evdluation questlons 11 1952 or 1983 - i.e., wlthln one or two 

years of the effective date of tne Standard. 

NHTSA's prellmlndry $roJectron is that the evaluation may cost a total 

of $11 to $17 rnllllon, spread over a 6-year period (1981-86). The 

higher cost figure Includes a mdJor modlf7catlon of State dccldent ddta 

systems that nay be needed to rtleasure Injury reduction adequately. The 

evaluation will dl50 require an Ii-house effort totalllng api,roxlmtely 

50 person-years, spredd over d 6-year Gerlod. 

NHTSA welcor,les public review dnd comments on the propoLed >la'l. We look 

forward to public, govern,lental and Industry participation in the 

evaluation pr0Jects. 
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CHAPTER 1 

NHTSA'S CALL TO EVALUATE STANDARD 208 

Introduction 

The National Highway Traffic Safety Admlnlstratlon (NHTSA) was 

establlshed in 1966, at a time when traffic fatalities had increased by 

40 percent In 5 years. During NHTSA's first 10 years, as a result of 

the Agency's safety programs and other factors, fatalities decreased by 

18 percent. The fatality rate per 100 million vehicle miles dropped a 

dramatIc 40 percent. 

But In 1976 fatalities began to edge upwards. The fatality rate per 100 

mllllon vehicle miles resumed climbing in 1977. The rising number of 

small cars, which must share the road network with a rapidly increasIng 

fleet of light and heavy trucks, suggests that the fatalities would 

continue to rise unless safety programs are upgraded. 

The Federal Motor Vehicle Safety Standards (FMVSS) are one of NHTSA's 

principal safety programs. Each standard requires certain types of 

motor vehicles or motor vehicle equipment sold in the United States to 

meet speclfled safety performance levels. Standard 208, which took 

effect In 1968, required that occupant restraint systems (safety belts) 

be Installed in passenger cars. Unfortunately, the Standard has falled 

to achieve its life-saving potential because the seat belts are not 
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effective unless manually fastened by the occupants. Most occupants 

(currently 86 percent) do not choose to fasten their belts. 

Therefore, NHTSA has revised Standard 208 to require automatic occupant 

protection systems at each front seating positon in passenger cars. 

Automatic restraints require no fastening action by the occupants, 

thereby ellmlnatlng the principal shortcoming of current manual safety 

belts. The revised Standard specifies performance tests that can be 

obJectively carried out under controlled conditions. Any restraint 

system that meets the test requirements could be installed in response 

to the Standard. Practically speaking, however, one of two alternatlve 

systems - the air bag or the automatic belt - will probably be used in 

most if not all cars. These restraints have already proven feasible, 

producible and capable of meeting the test requirements. 

The revised version of Standard 208 (hereinafter referred to, simply, as 

"the Standard" or "Standard 208") takes effect on September 1, 1981 for 

cars whose wheelbase IS greater than or equal to 114 inches. In other 

words, it takes effect for full-size cars in the 1982 model year. Cars 

with wheelbases of 100 - 113.9 inches (compacts and lntennedlates) must 

meet the Standard in model year 1983. Cars with a wheelbase under 100 

inches (subcompacts) will have automatic restraints in model year 1984. 

Standard 208 1s somewhat unique in that substantial on-the-road exposure 

of automatic restraint vehicles ~111 take place before the effective 

date. There are over 150,000 automatic restraint vehicles now on the 
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road (12,000 with air bags and the remainder with automatic belts). 

There will be even more by September 1981. The experience with these 

cars has already demonstrated the workability of automatic restraints; 

these vehicles and their on-the-road exposure, both before and after 

September 1981, needs to be considered in any plan for evaluating 

Standard 208. 

Since front-seat occupants of passenger cars account for 50-60 percent 

of all traffic fatalities (about 500 persons killed each week) and since 

automatic occupant restraint systems have great life-saving potential, 

Standard 208 is clearly a significant safety program to reverse the 

recent upward trend In the fatality rate. 

#ITSA's Evaluation Mission - 

On March 23, 1978, the President issued Executive Order 12044, titled 

"Improving Government Regulations." It called for a Government-wide 

analysis of proposed major regulations and review of existing regulations. 

The Secretary of Transportation responded to Executive Order 12044 with 

a "Statement of Regulatory Policies and Procedures" dated February 26, 

1979. His statement seconds the President's initiative and further 

requires that prior to the effective date of any significant regulation, 

the responsible agency will deve?op a plan for evaluating the regulation 

after its issuance. 

3 



The Natlonal Transportation Safety i3oard (NTSB) and the General 

Accounting Office (GAO) both revlewed Standard 208 and, in view of the 

exceptional slgnlflcance of the regulation, they recommended that NHTSA 

prepare a complete evaluation plan. The NTSB further recommended that 

the plan be published for public comment by October 1979. The GAO 

recomnended that the plan be developed by "a task force comprised of 

representatives from the Safety Administration, the Insurance industry, 

the automob71e Industry, and Independent highway safety researchers." 

The agency responded that It would have its plan reviewed by the 

National Accident Sampling System Advisory Comnlttee, which IS made up 

of an even broader spectrum of &at-ties. 

This report contains NHTSA's plan for a complete evaluation of Standard 

208 over a period of approximately 7 years, beglnnlng In 1380. The 

evaluation covers the period before as well as after the Standard's 

September 1381 effective date. Automatic restraint vehicles sold prior 

to the effective date will be included ln the evdludtlon. 

The evaluation plan attempts to cover all aspects of Standdrd 208. Its 

primary ObJeCtiVeS are 

o To measure the overall effectiveness of automatic restraints in 

reducing fatalltles and lnJurle5 in hlyhway crashes. 

o To observe the operational characteristics of restraint systems 

on the road dnd their effectiveness in specific crash situations. 
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o To assess the public acceptance and utilization of automatic 

restraints . 

o To assess the industrial consequences of the Standard. 

o To perform a cost analysis of the Standard, including 

manufacturing, repair, and replacement, and to analyze insurance 

savings, etc. 

With its broad scope, the evaluation plan satisfies the requirements 

of Executive Order 12044 that the review examine whether a regulation 

achieves Its goals, imposes unnecessary burdens, causes serious public 

dissatisfaction or fuels inflation. 

Standard 208 IS also somewhat special In that a number of detailed 

evaluation plans already exist. Since the plan draws heavily on several 

previous ideas, it IS appropriate to brlefly review them here. 

Earlier Automatic Kestralnt Evaluation Plans 

The NHTSA has for many years devoted attention to evaluation of 

automatic restraints In use. A complete evaluation plan was developed 

ln the Fall of 1973. The plan addressed evaluation of air bag 

effectiveness, operational characteristics and public acceptance. It 

was based on the assumption that General Motors would sell 150,000 air 

bag equipped cars in 1974-75. The plan could not be carried out because 

only aoout 10,300 air bag equipped cars were produced for sale to the 

public. 

Two contracts for evaluation methods of Standard 208 were completed in 

1976 (DOT HS-802 343 and DOT HS-802 341). They primarily addressed the 

effectiveness and cost of restraint systems but did not give a detailed 

time table for evaluation because the fIna ruling on Standdrd 208 was 

pending at the tlrne. 



A plan was prepared for evaluating air bag equipped cars in conJunction 

with the field test proposed by the Secretary Coleman In his 1976 

ruling. An analagous plan was developed for autornatlc belt equipped 

passenger cars. Both plans dealt mainly with the measurement of 

effectiveness. Neither tias publlshed, because the field test decision 

was changed shortly tnereafter. 

The Period before September 1981 

Highway operation of automatic restraint vehicles began in 1972 with two 

manufacturers' alr bag test fleets totalllng Just under 2000 vehicles. 

General Motors offered air bags to the general public as an optjon on 

certain cars during 1974-76 and sold a total of 10,000 such cars. 

Volkswagen introduced automatic belts as an option In 1975 and sold a 

total of about 180,000 such cars during model years 1975-79. General 

Motors produced about 10,000 automatic belt cars in 1978. The automatic 

restraint vehicles sold to date (Fall 1979) WI?? have accumulated 

approximately 850,000 vehicle years of on-the-road experience by 

September 1981, 85,000 of the vehicle years ~111 be ln air bag equipped 

cars. 

Increased sales of automatic restraint vehicles in model years 1980 and 

1981 are antlclpated. The selectlon of cars with automatic belts WI?? 

be expanded. NHTSA estimates sales of approximately 75,000 automatic 

belt cars in model year 1980 and 150,000 In model year 1981. It 1s 

possible that over 50,000 air bag equipped autos WI?? be sold In model 

year 1981 depending on flnal plans by manufacturers. 
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The exposure of these optionally equipped vehicles could be substantial. 

Moreover, the optionally equipped cars will continue accumulating 

on-the-road experience after September 1981. Finally, NHTSA anticipates 

that an additional 150,000 smaller cars with optional automatic belts 

will be purchased in both the 1982 and 1983 lnodel years. 

The on-the-road experience of the optionally equipped vehicles will make 

a substantial contribution to the evaluation of Standard 208. 

There may be, however, certain differences between the experience with 

optionally equipped vehicles and the subsequent experience with 

mandatory automatic restraints. Persons who voluntarily purchase cars 

with automatic belts are more likely to use them (80% usage has been 

observed in the Volkswagens [15]) than those required to purchase an 

automatic restraint vehicle. The restraint hardware used before 1982 

may differ from subsequent equipment. It is also possible that the 

make/model mix of the optionally equipped cars may be somewhat different 

from the nation's vehicle fleet. These differences will be identified 

and taken account of during the evaluation of experience with optional 

and mandatory automatic restraints. 



Automatic restraints made before the standard takes effect have to meet 

the performance requirements of the standard. It must be recognized 

that there 1s no one kind of air bag or automatic belt but rather a 

variety of each with different costs, performance, effectivenss and 

other features. The evaluation, while differentiating among maJor 

automatic restraint systems (typically air bags and automatic belts) 

will reflect an "average" of systems that are in the field as a result 

of manufacturer choice. 

The Period after SeDten,ber 1981 

The duration of the evaluation effort and the choice of evaluation 

nethods 1s highly dependent on what ~111 be happening, In terms of sales 

and usage of alternative automatic restraint systems, after September 

1981. 

Prior to developing d plan, it 1s necessary to discuss factors that 

affect sales dnd usage for the 5-year period following September 1981. 

This Involves 3 prlnclpal questions: 

(1) What will be the distribution of passenger car sales, by 

wheelbase size, in 1982? 

This question is Important because the effective date of the Standdrd 

depends on the wheelbase size, i.e., model year 1982 for cars with 

wheelbase 2114 inches, 1983 for cars 2100 inches and <114 Inches, 
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1984 for cars (100 inches. The more cars there are that fall into the 

first category, the sooner there will be a fleet large enough to produce 

accident sample sizes needed for statistically significant results. 

Information supplied by the manufacturers suggests that full-size and 

luxury cars are most likely to have wheelbases >/ 114 inches In model 

year 1982. The 100-113.9 inch category ~111 most likely include the 

domestic compacts and intermediates as well as Mustang, Caprl and a 

small percentage of the imports. The remalnlng domestic subcompacts and 

imports will have wheelbases under 100 Inches. 

The distrlbutlon of motor vehicle sales In January-May 1979 was as 

f 011 ows: 

TABLE l-l 

AllTO 5ALES BY SIZE CATEGORY 

Wheelbase Size Range 1979 auto sales 

(inches) January - May 

> 114 20% 

100 - 113.9 47% 

< 100 33% 

This dlstrlbutlon IS expected to stay about the same between now and 

1982. There IS currently a trend toward smaller fuel-efficient cars. 

But since a substantial amount of weight ~111 be trimmed from many 
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models between now and 1382, the trend toward smaller cars can be 

maintained without appreciably changing the market mix by wheelbase. 

(2) What percentage of vehicles will have air bags after 1982? 

This question IS important because the higher the percentage of cars 

with bags, the sooner there ~111 be an adequate sample size for 

measuring the effectiveness dnd operational characteristics of air 

bays. 

In general, cars with 3 designated front-seating posltlons will probably 

have air bags, because there does not appear to be an interest in develop- 

ing an automatic belt that can be used by a center-front occupant. These 

are primarily larger cars with bench seats. Cars with 2 designated front- 

seating posltlons (subcompacts, many compacts and larger cars with bucket 

seats or permanent center armrests) are more likely to have the less cost y 

automatic belts, although there may be substantial demand for the conve- 

nience of air bags. 

A summary of public attitudes toward automatic crash orotectlot? in new 

cars showed that of the 62 percent who knew what an air bag was, 35 

percent would pay more than $100 or more for one (Yankelovich, 1976). 

A 1977 Gallup survey found that the public favors requiring air bags 

46 percent to 37 percent. A survey by Hart (1978) showed that there 

are nearly equal public preferences for air bags and automatic belts. 

Three alternatlve air bag sales leve's (called A, 6 and C) are assumed to 

cover the likely range of possibilities: 
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TABLE 1-2 

PERCENT OF CARS WITH 

AIR BAGS 

(Alternative AssumptTons) 

Air Bag Sales Level 

A 

B 

c 

Wheelbase Range 
2 
114" 100-l 13.9" 16 

50 40 25 

30 25 10 

10 10 Trace 

For sales Level ;1, It 1s assumed that air bags will be stdndard on bench 

seat cars dnd that mdnufacturers will not substantially reduce 

production of bench seat cars. Levels B and C assume an Increasing 

dlverslon of production to vehlclus with only 2 designated front seating 

positions. 

(3) What wl 11 be the be lt usage rate by occupants of automatic belt 

vehicles? (What percentage of belts will not be disconnected 

by owners nor disabled by a malfunction?) 

This question 1s crltlcal because the higher the belt usage, the sooner 

there ~111 be an adequate sample of belt users for measuring 

effectiveness. 
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Belt usage will' probably not be constant over the life of the car but 

could decline gradually as the car gets older, with most of the decline 

taking place in the first 2 years [S]. 

Three alternatlve belt usage levels (called A, B, and C) were assumed to 

cover the likely range of posslbllltles: 

TABLE 1-3 

AUTOMATIC BELT USAGE RATES 
(Alternatlve Assumptions) 

Belt Usage Level 

A 

B 

C 

After 1 year 

80% 

60% 

30% 

After 2 years 

60% 

30% 

20% 

Usage Level A approximately reflects the experience with automatic belt 

vehicles currently on the road (in which purchase of automatic 

restraints was voluntary). Usage Level C more or less reflects what 

happened with the manual belt-starter interlock comblnatlon that was 

mandated in 1974. Levels A and C reflect the bounds for post-Standard 

automatic belt usage. 

About l/3 of the evaluation proJects included in the recommended NHTSA 

evaluation plan are sensitive to air bag sales and automatic belt usage 

- i.e., the work can be completed sooner if sales and usage are higher 

In the listing of complet (Chapter 5), a range of ion milestones 
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potential completion dates, rather than a single date, has been 

estimated for these projects. In general, the beginning of the range 

applies to the scenario wherein both air bag sales and automatic belt 

usage achieve Level A; the end of the range corresponds to sales and 

usage both Level C. Other combinations of sales usage (e.g., sales 

Level A and usage Level C) would tend to result in intermediate 

completion dates. 

It will not be necessary to drop any project or substantially change the 

evaluation approach presented in this plan, even if sales and usage fall 

as lou as Level C. 

Summary of Projected On-the-Road Experience Before and After 1981 

Table l-4 shows the combined on-the-road experience of optional and 

mandatory automatic restraint vehicles during 1979-83. Separate 

projections were made for air bags and automatic belts. NHTSA's 

projections of sales of optional automatic restraints were discussed 

above; mandatory restraint sales are proJected according to Level B. 

Table l-4 shows, for each year from 1979 to 1983, the total number of 

vehicles that will be on the road on October 1 of that year and the 

cumulative exposure, in vehicle years, from the time the cars were 

produced until October 1 of that year. The table shows the number of 

towaway accidents likely to have occurred as a consequence of this 

exposure and the number of front-seat occupants involved. Finally it 

projects the number of severe injuries and fatalities likely to occur, 

assuming current NHTSA estimates of restraint effectiveness (see 

Appendix A). 
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A slgnlflcant feature of Table 1-4 IS the contrast between the projected 

air bag and automatic belt exposure. There ~111 not be enough air bag 

cars on the road to provide a substantial body of accident data until 

calendar year 1982. The automatic belt cars, on the other hand, have 

already been involved in a large number of towaway accidents and are 

expected to experience more before the standard's effective date. 

Organlzatlon of this Report 

The specific objectlves and projects that constitute the NHTSA 

evaluation plan for Standard 208 are discussed in Chapters 3-5. 

Preceding this detailed dlscusslon, Chapter 2 provides background 

lnformatlon on the range of NHTSA activities related to the 

implementation and enforcement of Standard 208 and development of 

occupant protectlon systems. These concurrent actlvltles, whrle not 

part of the evaluation plan per se, will supply information that 

contributes to NHTSA's overall evaluation program for the Standard. 

The 4 principal objectives of this evaluation (effectiveness, 

operational characterlstlcs, public acceptance and cost) encompass 30 

specific evaluation questions, which are examined in detail in 

Chapter 3. 

Chapter 4 contains a descrlptlon of each evaluation project recommended 

for lncluslon in the NHTSA evaluation plan. 
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Chapter 5 groups the evaluation questlons according to their relative 

priorities. It shows, for each question, the evaluation proJects that 

will provide the necessary data and the expected completion milestones. 

Finally, a surrmary plan schedule and a prellmlnary proJectIon of 

resource requirements for the evaluation proJects are presented. 

Appendix A explains the computations of casualty-reducing effectiveness 

and Its varlablllty. 
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CHAPTER 2 

RACKGROUND: OTHER NIITSA PROGRAMS THAT PERTAIN TO FMVSS NO. 208 

The NIITSA has six maJor programs pertalnlng to the implementation 

and enforcement of FMVSS No. 208 and the development of occupant 

crash protection. They are hrlefly descrl bed below. 'Jhlle these 

are ongoing actlvltles and not part of the evaluation plan per se, 

they had? important ties to the FMVSS f4o. 208 evaluation proqram. 

The] provide ddd?tlonaT field, laboratory and test data that ~111 

assist the overall eval,latlon effort. They ~111 aid I? the early 

identification of ,)osslhle operational or consumer acceptance 

problems \qlth atltollatlc restraints. They nay help provide 

englnecrlng cxplanatlons of solie phenomena that could be observed in 

the cvaluatlon pro?ects. 4t the same time, the fIndIngs from the 

evaluation proJects ~11 help shape the future actlvltJes under 

these programs. 

Industry Monltorlng Activities 

IJhen Secretary of Transportation Crock Adams issued the automatic 

restraint rllandate June 30, 1977, he committed the Department to an 

lntenslve monltorlng program to oversee the lmple-nentatlon plans of 

50th vehicle manufacturers and their suppliers. The purpose of this 

monitoring program, which has Seen ongolnq since the fall of 1977, 
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IS not only to conflrm that adequate levels of rellablllty and 

quality are being achieved in lmplementlng deslqns to comply with 

the standard, but also to provide assurance to the public that the 

Issues that have been raised on automatic restraint rellablllty have 

been resi)lJcd. 

The Agency hds and ~111 continue to he In direct contact with the 

vehicle i$lanufacturers dnd their supplrers to llonltor the progress of 

engl?eerlng and test prograllls, and proqrarns to train and prepare 

vehicle dealers to sell and service autonatlc restraint equipped 

vehicles. THIS fosters a high level of govcrnl~ent/1ndustry 

cmnanicdt1on, cooperarlon and coordlnatlon to helq ens Ire 

srlccessflll achlcvemcnt of thtx 'I'tTSA's overall automatic restraint 

systems ObJectlve. 

Pesearch, development, and Testing 

This actlvlty IS a continuation of the lnde~~~ndent rescarc17, 

devcloprient, and test work that NHTSA has sponsored for several 

years. Areas of actlvlty 1r7clude (1) technrcal 3ssessnents of 

automatic rcstralnt systems and their ai,pllcatlon to passenger cars 

of various typer, (2) the conduct of tests of such systems and 

vehicles TV determine thclr performance characterlstlcs in 

conventIona and non-conventional crash nodes and with various 

surrogate occupdnt situations, (3) the preparation of enqlneorlng 

assessments of partlc\Ilar restraint systems llcludlng the 

dcvclopllent of pertinent information on the ,)rocluctlop feaslhlllty, 



quality, and reliability of automatic restraint systems and (4) 

research and development on advanced concepts in automat7c occupant 

protection that will prepare the Agency for future advances in the 

occupant restraint standards. 

Safety Eelt Usage Stlmulat7on 

It 7s well documented that manual safety belt usage 7s very low. 

Current usage, nationwide, 7s abotit 14 percent, leav7ng more than 

five out of six motorists unprotected from serious crash 7nJur7es. 

Increas7ng manual belt usage has been and still 7s a very 7nportant 

'It1TSA ObJKtlve, notwithstanding the forthcoming 7ntroduct7on of 

automatic restraints. There are over 123 mill7on passenger cars, 

light trucks, and vans nn the road today equ-ppped with manual belts. 

P!oreover, an additional 40 to 50 million such vehicles St711 with 

manual belts w7ll enter the flee t between now and 1984 when FFIVSS 

No. 208 will be fully effective. Even then, some cars equipped with 

autornatlc systems will cont7nue to of'er maf;ual lap belts for 

additional protection, and trucks dnd vans may hdve manual belts for 

several more years. 

Since 1970, the f:IiTSA has spent approximately $2 mllllon on research 

and evaluat7on studies concerning safety belt use, and close to one 

million dollars for production, printing and d7str7butlon of 

edllCdtlOr~dl materials for specific groups dnd for mass media. 
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The motor veh?cle manufacturing ?ndustry and insurance industry 

along with several private safety organ?zat?ons such as the Nat?onal 

Safety Council and American Automobile Assoc?at?on also have been 

active in promot?ng the use of restra?nt systems. Most of these 

have conducted public ?nformat?on programs, often cons?st?ng of the 

d?str?but?on of brochures or radio or TV publ?c serv?ce 

announcements. However, most of these groups have acted 

independently and w?thout knowledge of what others were doing ?n 

this area. 

In response to th?s, an ?nformal confederat?on of organ?zat?ons that 

are d?rectly ?nterested ?n promoting occupant restra?nt llsage bras 

formed ?n late 1973. The confederdtlon consists of PHTSA, the 

Yat?onal Safety Council, the motor veh?cle rnanufacttlr?ng lrldustry, 

the insurance industry, and a number of add?t?onal organlzatlons. 

The goals of the confederation are (1) to ach?eve maximum 

coord?nat?on among the var?ous organ?zat?ons ?n the ?,nplementat?on 

of ongoing or planned programs to ?ncrease the ava?lab?l?ty or use 

of occupant restraint systems, and (2) to prov?de a means to 

?dent?fy, develop, and ?rnplement cooperative programs in any or all 

of the followrng spec?f?c areas: manual safety belts, child 

restraint systems, automat?c restraints. The act?v?t?es of the 

confederatron w?ll address all restraint systerns, while member 

organ?zat?ons w?ll be free to pursue their own ?nd?v?dual goals and 

ObJectives to increase usage of restralnt Systems. 
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Because of the Importance of restraint usage, the NHTSA has and will 

continue to work ln cooperation with States, local traffic safety 

officials, private organlzatlons, and consumer groups, to identify 

programs, informational materials, and other means for stimulating 

both manual and automatic belt usage. 

Automobile Crashworthiness Ratings 

One of the requlrernents of Title II of the Motor Vehicle Information 

and Cost Savings Ict of 1072 15 that the illfTSA establish and publish 

corlparatl ve autor10bile crdshworthincss ratings. As a part of this 

effort, the :JIlTSA has ~nltlated an onqo~ng program to develop 

crashworthiness rdtlngs using experimental data generated from high 

speed crashes. The i)rogram entails frontal crash testing of a 

representatlvc sample of cars of Jarlous sizes into a fixed solid 

harrier at speeds fr-or1 3'1 +o 40 mph. rach test vehicle includes 

two fully instrur\entrd 50th percentile test dummies in the front 

scdts. 

4utolllatlc restraint equl?ped cars ~11 be used 11 this ongoing 

procjrd~i, ds they hecow available, to evalluate the extent to krhich 

such vehicles exceed the mln~mum 30 mph crash speed requirement of 

the stdndard. 
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Defects Investigation 

Congress recognized when passing the National Traffic and Motor 

Vehicle Safety Act of 1966 that it would be impractical to Issue 

standards that address all conceivable aspects of performance for 

all vehicle systems that could cause accidents, inJuries, or deaths. 

Therefore, defect Investigations were authorized for the primary 

purpose of lnfluenclng manufacturers to build products free of 

safety-ralated defects and to assure that, when safety defects are 

discovered, the manufacturers take appropriate action to correct 

such defects. 

As a part of its ongoing motor vehicle safety program actlvltles, 

the PIHTSA monitors and analyzes information from vehicle owners, 

accident reports, consumer group reports, manufacturer service 

bulletins, and research reports to identify possible safety defects 

that are unknown to or overlooked by the manufacturer. When safety 

defect problems are discovered, appropriate action 1s tahen to 

assure that the manufacturer corrects the problem in a timely 

manner. Particular ernphasls will he placed on automatic restraint 

systems as they enter the market place to provide early detection of 

any reliability, quality, or design defects. 
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$SET NOON 

' MONITOR COM 

I This command file is to be placed in the system 
1 directory and should be included in SYSTARTUP.COM. 
I This command file monitors the system by writing 
I The time of date to a file MONITOR.DAT. This 
I should keep track of the up and down time for 
1 the system. 
I 
I 
I 
OPEN/APPEND/ERROR=NO_FILE OUTPUT-FILE MONITOR.DAT 
I 
WRITE OUTPUT-FILE II NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION" 
I 
WRITE OUTPUT-FILE )I CPU REPORT" 
I 
GOT0 START 
I 
NO-FILE 
I 
OPEN/WRITE OUTPUT-FILE MONITOR DAT 
I 
LOOP: 
I 
START' 

TIME=F$TIMHO 
I 
WRITE OUTPUT-FILE ti The date and time monitored is * ",TIME 
I 
I 
WAIT 0O:Ol:OO 
I 
GOT0 LOOP 
I 
EXIT 



SYSTEM LOG 

LOG ALL DOWN TIME 

DATE: 

NAME TIME DEVICE LOG TIME TOTAL 
DOWN NUMBER UP TIME 

I I I I I 

PROBLEM: 
I I I I I 

COMMENTS: 

DATE 

NAME TIME DEVICE LOG TIME TOTAL 
DOWN NUMBER UP TIME 

I I I I I 

PROBLEM- 
I I I I I 

COMMENTS: 



Enforcement Actlvltles 

The NHTSA's ongoing enforcement activity consists prlmarly of 

conducting compliance tests to ensure that new vehicles meet all 

applicable motor vehicle safety standards. Compliance tests have 

already been conducted to determine conformance to the requirements 

of FWSS No. 208 for automatic restraint (both air bag and automatic 

belt) equipped vehicles that are currently in the hands of the 

pub1 1c. As a part of this ongolng program, compliance testing ~111 

also be conducted on automatic restraint eqlll?ped vehicles as they 

are ?ntrotluced Into the Ilarket place. 
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CHAPTER 3 

EVALUATION OBJECTIVES 

c 

- 

I 

The evaluation ObJectives largely determine the content of the 

evaluation plan. What are the ObJectlves in the case of Standard 208 - 

what are the facts, rates or quantities that must be determined to 

measure the impact of the Standard? 

The questions addressed in this evaluation fall into four basic 

categories. First, there are questions relating to the overall 

effectiveness of automatic restraints - the numbers of deaths and 

inJuries prevented - the bottom line benefits of the Standard. Second, 

there is a need for information on the operational characteristics of 

the restraint systems and, their effectiveness in specific crash 

situations. The information is needed to identify potential areas for 

improving the systems or the Standard itself. Third, there are 

questions relating to public acceptance of the restraint systems. 

Finally, it IS necessary to know all maJor sources of expense (or 

savings) to consumers as a result of the Standard. 

A total of 30 questions or ObJectives have been identified for this 

evaluation. They will now be discussed one-by-one, within the four 

basic categories. 
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1. EFFECTIVENESS 

1.1 Fatality Reduction. The number of lrves that ~11 be saved on the 

hIghway by Standdrd 208 1s probably the single most important 

quantity sought in this evaluation effort. It is also crucial to 

measure the fataltty reducing effect of speclflc restraint systems. 

the air bag, the air bag plds lap belt, the air bag system 

(including lap belt users and nonusers), the autorllatic belt when 

used, and the automatic belt systerj (including belt users and 

nonusers). 

Fdtdllty reduction may be expressed as a nur,,ber or a percentage: 

e-g-, "the Starldard saves 9000 lives per year" or "air bays reduce 

the fatality risk by 40 percent." The latter is computed as 

follows. 

rc 1 - Fatality rate of dir-bay protected occupants ) x lOO]x 
Fatality rate of unrestrained occupants 

The fatality rates could be fdtalltles per 100 crash-involved 

occupants or per l,OOO,OOO cdr yedrs. The rates should be adJusted 

to control for differences in the populations using alternative 

restraint systems and their exposure. A+pendlx A provides details 

on the calculation of effectiveness dnd Its statistical 

variability. 

1.2 InJury reduction. The nui,lber of InJuries that ~1 

annually by Stdnddrd 205 1s a quantity of obvious 
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Furthermore, it is desirable to categorize the injury reduction by 

severity level, because there are wide discrepancies in the 

severity of injuries. Injury reduction should be measured for 

Standard 208 as a whole and for each of the specific restraint 

systems, separately. 

InJury reduction may be expressed as a number or as a percentage 

(see 1.1 Fatality Reduction). Injury reduction should be calcu- 

lated for injuries of AIS>/ and AIS), 2 or (less satisfactory) for 

police-rated fatal or "A" level injuries. “AIS” stands for the 

Abbreviated Injury Scale Cl]. The computational procedures for 

calculating inJury reduction are discussed in Appendix A. 

2. OPERATIONAL fHARACTER ISTICS 

2.1 Frequency and characteristics of air bag deployment in crashes. 

Each air bag system on the market will contain sensors that are 

deslgned to signal for a deployment in response to crash pulses 

above a threshold level of severity. The threshold "level" will 

vary from system to system. It cannot be expressed by any single 

parameter (e.g., longltudlnal velocity change during the crash) but 

it is related to the crash deceleration history in a way that is 

difficult to quantify. 
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2.2 

What can be done is to determine the likelihood of deployment as a 

function of crash velocity change and other observable parameters 

(e.g., type of ObJect struck or width of contact). 

The purpose of gathering this information IS three fold: (1) To 

determine the overall frequency of deployment of the various air 

bag systems. This must be known for calculating the total cost of 

replacement and for calculatjng the percent of vehicles with 

functional air bags. (2) To determine if there are high-risk 

sltuatlons In which certain air bag systems do not normally deploy - 

thereby provldlng lnformatlon for lmprovlng these systems. (3) In 

those cases where manufacturers have suggested a velocity change at 

or above which the bag IS most likely to deploy, the actual 

deployment experience can be compared to the manufacturer's 

specifications. 

InJury-contact point patterns of alternatlve restraint system 

users. Classify the restralned occupants with non-minor inJury by 

type of InJury and by contact area that caused the InJury (e.g., 

dashboard, wlndshleld, etc.). r)btaln, for each restraint system, 

the frequencies of the more comTlon inJury-contact point couples. 

Also determine the frequency of those InJury-contacts, if any, that 

suggest a restraint system, although functioning as designed, did 

not provide adequate protection: e.g., steering-wheel caused 

inJuries despite air bag deployment and wlndshleld caused TnJurles 

despite use of automatic bplt. 
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The frequencies are expressed as proportions of the total nunlber of 

crash-involved occupants (1nJured plus uninjured) who suffered a 

particular injury from a particular contact point (e.g., 2 percent 

of the crash-involved occupants suffered non-minor head injury due 

to windshield contacts). The contact-injury frequencies for 

occupants using a specific restraint system are compared to the 

correspond7ng frequencies for unrestrained occupants in order to 

determine the effectiveness of the restraint system 7n preventing 

spec7f7c contact-injury comb7natlons. 

The purpose of collecting this information 7s to determine for 

which 7n~ury mechanisms restra7nt systems prov7de sufficient 

protection dnd for which ones there is room for 7mprovement. It 1s 

espec7ally important to determine 7f a restraint system 7s 

successfully ijrevent7ng those types of 7njur7es 7t was spec7flcally 

designed to prevent (e.g., d7r bags and steering-wheel contact 

injur7es). 

2.3 Types of 7njur7es with automatic restraint systems. Injuries that 

are a consequence of occupant contact with restrn7nt system 

hardware or otherwise result from restraint system deployment are 

of special Interest. The frequency dnd severity of such injuries, 

7f any, need to be determined as well as the associated crash 

cond7t7ons. The 7nformat7on can readily be used to show areas of 

potential improvement of restraint systems. 
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Restraint-caused InJury frequency can be expressed as a proportion 

of crash-involved occupants or as a proportion of InJured 

occupants. 

2.4 Restraint system effectiveness by car size. Smaller cars are 

relatively less crashworthy because they are less resistant to 

velocity chanye and because there IS less space in which the 

occupants can be safely brought to a stop. Restraint systems are 

likely to be less effective in small cars than ln large cars [12]. 

The effectiveness of restraint systelils should be measured 

separately In cars of different sizes In order to: 

0 identify whether certain systems provide adequate protection to 

small car occupants. 

o permit proJectlons of the overall effectiveness of systems as 

more small cars enter the fleet. 

The effectiveness of a restraint system for cars of a particular 

size category IS expressed In the same terms as the effectiveness 

in cars of all sizes (see questions 1.1 and 1.2). 

2.5 Restraint system effectiveness by seating position. Drivers, 

right front occupants and center front occupants are exposed 
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to different crash condltlons and contact different parts of the 

vehicle interior. Also, In the case of air bags, the driver's and 

passengers' restraint systems are not identical. 

For each type of restraint system, effectiveness should be measured 

separately by seat posltlon in order to investigate the posslblllty 

that it dces not urovldc\ adealljte wotectioq in one of the 

positions. 

2.6 Restraint system effectiveness by crash severity and direction of 

force. The crash environment can be partitioned into cells by 

crash severity (Delta V) and direction of force. The effectiveness 

of automatic restraints should be determined in each cell. 

Inadequate performance In some of the ccl 1s may point out the need 

for relatively stralqhtforward improvements in a restraint system 

(e.g. lowerIng the deploylent threshold, putting a force-limiting 

device In belts). A secondary use of this information IS to 

proJect the effect of chang?ng driving conditions (e.g., a change 

in the speed limit) on the number of casualties prevented by the 

Standard. 

2.7 Automatic restraint effectiveness in exceptional situations. 

Automatic restraints are deslgned to be effective for a wide range 

of occupant types (5th percentile ferilale to 95th percentile male) 

31 



7.8 

and crash sltuatlons. It 1s important to know how effective they 

are outside their design range to determlne their llmlts in 

provldlng protection. In particular, 

0 can any system restrain very tall occupants from inJurious 

contact with the wlndshleld, pillars, etc.? 

o Can air bags restraln very heavy occupants from contacting the 

steering wheel, etc. in severe crashes? 

o Are otherwlse unrestralned children and other small occupants 

well restralned by automatic belts and bags? 

o Do the systems effectively restraln occupants who are 

out-of-posltlon because of pre-braklng or unusual seating? 

o Does system performance deteriorate at extreme temperatures, 

altitude or after exposure to water? 

o Are automatic restraints functlonlng ln a manner compatible with 

child restraints? 

The purpose of collecting the information 1s to ldentlfy areas of 

improvement for restraint systems. 

Automatic restraint rilalfunctlons during normal vehicle operation. 

The rate of these malfunctions 1s of Interest because: 

o replacement of automatic restraints adds to the cost of the 

systein 

o malfunctions ,ilay reduce public confidence in the system. 

o a deployment while the car 1s moving may cause a safety hazard. 
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The rate of non-crash deployments per 1000 vehicle years should be 

determined for each of the air bag systems on the market. The 

causes of non-crash deployments should also be determined (defec- 

tive hardware, defective installation, electromagnetic interfer- 

ence, off-road vehicle use, vandalism, etc.). The information can 

readi'ly be used to improve the systems. 

2.9 Automatic restraint system malfunctions in crashes. Air bags are 

designed to deploy and provide crash protection when the sensors 

detect a sIgna that exceeds the threshold set by the 

manufacturer. Since the threshold cannot be easily described by 

parameters such as the change in vehicle velocity during the 

crash, one cannot readily decJde after a malfunction in a crash 

whether the bag "should have deployed." Evidence of failure to 

deploy exists when 

o the crash was so severe that it obviously exceeded the 

threshold, or 

o only one of the bags deployed (or a similar hardware 

misadventure), or 

o subsequent analysis of the system showed 

the time of the crash. 

it was inoperable at 

The frequency and causes of various air bag systems' failure to 

deploy should be discovered in order that the faults in those 

systems can be quickly corrected. 

2.10 DisabJJng malfunctions of restraint systems. There are two types 

of disabling malfunction: the more common sort is when the 
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restraint system cannot be used at all due to physical 

deterioration - the 1noperablllt.y of the system IS obvious even 

without a crash taking place. The other type IS when the owner 

seems to be using the system properly, but when involved in a 

crash, the system falls to perform. Restraint systems, especially 

automatic belts, that were deliberately disabled or disconnected 

are not included here. 

The adverse effects of disabling malfunctions are 

o Higher cost (when systems are repaired) 

o Reduced protection (when systems are not repalred and the 

vehicles' occupants become, essentially, unrestrdined). 

The percent of Inoperable restraint systems should be determined 

by type of restraint system, cause of malfunct7on and vehicle agcl. 

(The percent of systems lnoperdble presumably lncredses as the 

cars get older). The primary purpose of yatherlng the lnformatlzn 

IS to identify causes of malfunction so that the deflclencles can 

be rellledled. Seconddry ObJectlves are to assist calculation of 

the percentaye of systems that are operatlonal and overall repair 

expenditures. 

1 Disposal of undeployed air bag systems. When cars with 

undeployed air bags are retired, the gas generating subsystems 

must be properly disposed of. Two research firms, Batelle 

Laboratories and Arthur II. Little, have developed acceptable 

disposdl procedures. The obJectlve here is to determlne if there 

are any air bag car retlrernents In which the actual disposal IS 

not made under the approved procedures. 
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3. PUBLIC/INDUSTRY ACCEPTANCE 

3.1 ProductIon and sales of vehicles with alternative restraint 

systems. The actual production of air bag and automatic belt 

vehicles, by make and model, ~111 be tracked on a month-to-month 

basis. The sales of these vehicles ~111 also be tracked, as well 

as the average days of inventory for air bag and automatic belt 

vehicles. For those makes and models ln which automatic belts are 

standard and air bags are optional, the incremental price of the 

optional air bags will be obtained. 

The actual production and sales of alternative restraint systems 

provide the basic exposure data needed for answering many of the 

other questions. It is crucial that these datd be obtained 

prorr1ptly. Production and sales of air bag versus automatic belt 

cars wlthlq tcdkes and models also shed light on the industry's and 

public preferences among restrarnt systems, especially when 

analyzed in conJunction with Inventory and price figures: the days 

of Inventory figures for air bag versus automatic belt cars 

Indicate public demand VIS a VIS industry's willingness and ability 

to produce. 

A mlcroecononJic analysis, by make and model, of the price of 

optional air bags versus the percentage of cars purchased with an 

a:r bag will indicate the price elasticity of the public demand for 

air bags. 
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3.2 Automatic belt usage on the road. The number of casualties 

prevented by automat?c belt systems depends heavily on the extent 

to which they are used by the public. Automat?c belts can be 

temporarily or permanently disconnected or they may become 

inoperable. If past experience with r,lanual belts equipped w?th 

?nterlocks 1s used as a guide, some owners may d?sconnect automat?c 

belts, but 1s not now possible to accurately pred?ct the extent of 

this practice. 

Accurate and t?lilely information on autornatlc belt usage 1s needed. 

o the usage ?nformat?on can be combined w?th prel ?m?nary estimate 

of effectiveness when used to obtain early est?rlates of overall 

casualties prevented by automat?c belts 

o Usage recorded by make and r,rodel may ldent?fy belt systems that<, 

the public finds especially dcceptable. 

S?nce usage may deterlordte for severdl years as the vehicle ages 

before finally levelling off, ?t w?ll be necescary to track usage 

on a contlnulng bdsls for Older cars as Well ds flew ones. 

Automat?c belt disconnect rate. The prev?ous question (3.2) 

assessed belt non-use, without specrf?c attent?on to whether the 

belt was deliberdtely disconnected or had lrlalfunctloned. Th?s 

question deals spec?f?cally with cdses of dellberdte disconnec- 

t?on. For edch type of dutomatlc belt on the market, the fre- 

quency of d?sconnect?orl, the reasons g?ven for d?sconnect?ny and 

36 



the techniques for disabling the belts will be determined. 

Special attention will be given to the status of ignition inter- 

lock systems in those cases where manufacturers have installed 

them In combination with the belts. 

The purpose of finding out the reasons for disconnecting belts is 

to ldentlfy and remedy sources of consumer dissatifaction with 

specific belt systems. The information on techniques for dlsabl- 

ing belts can be used to redesign belts in a more tamper-proof 

manner. 

3.4 Deployed air bag replacement rate. After a deployment, there are 

3 posslbllTtles regarding the status of the air bag system 

o the air bag 1s replaced 

o the air bag IS not replaced and the occupants are, essentially, 

deprived of automatic protection 

o the car IS retired (lt was totalled In a crash). 

The rates of deployment per 1000 vehic'le years were already 

addressed by questions 2.1 (crash) and 2.8 (non-crash). This 

questlon addresses the likelihood of the 3 above alternatives 

b given that a aq has deployed. The percent of air bags replaced 

must be known In order to calculate the overall replacement cost, 

The percent of air bags not replaced must be known for calculating 

the overall casualty-reducing effectiveness of the air bag 

system. 
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3.5 Inoperable restraint system repalr rate. When restraint systems 

have become inoperable due to physical deterloratlon, vandalism or 

other reasons (except dellberate dlsconnectlon by the owner) it IS 

possible that the owner ~111 have them repaired or replaced. This 

adds to the overal 1 cost of restraint systems. Alternatively, if 

the owner allows them to remain nonfunctional, the occupants of 

the vehicle will, essentially, be deprived of automatic protection 

and the effectiveness of the Standard will be reduced. Thus, lt 

IS necessary to determlne the llkellhood of repair or replacement 

given that a system has become inoperable. The rate at which 

systems become Inoperable was already addressed in question 2.10. 

Deployed air bags are included among the dlsabllng malfunctions 

addressed here, but have also been treated as a separate question 

(3.4) because of their exceptional Interest. 

3.6 Effect of restraint systems price and avallablllty on car 

purchase. Persons who have recently purchased an automobIle will 

be asked to what extent their choice was Influenced by automatic 

restraints. Some potential Influences of restraints are 

o A specrfrc model was not purchased because the restraint system 

preferred by the consumer was not available. 

o One model was chosen over another because the restraint systerl 

preferred by the consumer was avallable at a lower price in the 

former than in the latter. 
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3. 7 

o A model was not purchased because the specific restraint system 

In that car was perceived as Inferior to restraint systems of 

the same general type in competing models. 

o The consumer compensated for the added cost of automatic 

restraints by purchasing a less expensive model or forgoing 

desired optional equlprnent. 

o The lnformatlon about restraint systems that the consumer 

received at the point of sale Influenced his choice of restraint 

system and/or automobile. 

The purpose of collecting the data is to provide a basis for NHTSA 

public Information programs on automatic restraints. 

Influence of Standard 208 on car design, production and marketing. 

Manufacturers may find it deslrdble or necessdry to adJust their 

production and marketing strategy in response to the Standard. For 

example, they inIght 

o Produce more cars with bucket seats, fixed center armrests or 

reduced hip room, thereby avoiding the need for air bags to 

comply with Standard 208. 

o Accelerate phase-out of models bihose design IS not suited for 

installation of automatic belts. 

l 
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Timely information on developments such as these 1s desired because 

manufacturers' capital costs would be affected. Also consumers 

might become dissatisfied If their range of available models and 

options were reduced. Finally, if manufacturers install a large 

number of fixed center armrests and a sizable portion of these are 

removed by consumers, it would lead to a vehicle fleet in which 

many center front occupants do not have restraints available. 

3.8 Comfort and convenience of automatic belts. One of the most 

frequent reasons given for nonuse of manual belts is the discomfort 

of wearing a belt. This complaint would not necessarily be 

remedied by merely making the belts automatic. NHTSA 1s consider- 

ing rulemaklng that would set performance standards for automatic 

belts in areas related to comfort and convenience. If the rule 1s 

promulgated, controlled tests of comfort and convenience using 

human volunteers would supplement the basic compliance test in 

evaluating whether the rule has achieved its goal. If the rule 1~ 

not promulgated, the controlled tests would help identify the lest, 

satisfactory restraint systems on the market and the areas in which 

they need to be improved. 

3.9 Evaluate NHTSA public information programs on automatic restraints. 

The inmediate ObJectlve of public information programs is to make 

the public more aware of the life-saving potential and operation01 

characterlstlcs of autcmatlc restraints. The longer-term 

ObJectives are to 
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o Achieve high usage of automatic belts in vehicles equipped with 

them 

o Encourage purchase of air bag cars by persons who do not like to 

use a belt restraint 

o Encourage consumers to maintain, repair or replace their 

restraint systems when necessary. 

A number of alternative rlessages and media may be used. Before 

engaglns in a costly large-scale program, NHTSA would pilot test 

various alternatives dnd choose the mst effective ones. 

Subsequently, NHTSA would perlodlcally evaluate its program to see 

If the ,,lessaye IS still appropriate and well received by the 

public. 

3.10 Evaluate public satisfaction with the Standard. NHTSA should keep 

informed about the current public view on automatic restraints, 

especially ln the years follo)Jing the effective date. NHTSA should 

know how the public perceives 

o the effectiveness dnd aval lability of alternative systems 

o the cost of automatic restraints 

o the effect of restraints on safety and Insurance costs 

o the reliability of alternative systems 

o the comfort dnd convenience of alternative systems 

o the manufacturers' reaction to the Standard 

o the appropriate role of the Government 111 specifying crash 

protection 
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o the need for modifying, amending or upgrading the regulation 

The lnfon,latlon IS needed to provide rulemaking and the public 

lnformatlon programs that are responsrve to the public need. 

4. COST TO CONSUMER 

4.1 Cost and weight of original equlprnent. The two most Important cost 

items for the consumer are undoubtedly the Increase in the purchase 

price of a car to cover the cost of the restraint dnd the increased 

fuel consumption during the lifetime of the car as a result of 

weight ddded by the restraint systefll. 

The direct manufacturing cost and brelght added by the Standard can 

be calculated by a comparison of the restraint hardware of vehicles 

produced lmnedlately before and after the effective date. The 

consumer cost (increase ln the purchase price) can be estimated for 

restraints that are standard equipment by addlng markups and taxes 

to the manufacturers' cost and taklny market factors into account. 

The cost of Increased fuel consumption during the llfetlme of the 

car IS a function of the werght ddded by the Standard and the cost 

of fuel. 

4.2 Cost of replacing deployed air bags. While a relatively small 

percentage of vehicles ~111 have the bags replaced before 

retirement, the cost per replacement IS fairly high. When this 

cost IS spread over the entlre air bag fleet, it IS likely to add 

measurably (i.e., rlore than $1) to the llfetlme average cost of 
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own7ng an a7r bag car. The prices paid by consumers for bag 

replacement ~711 be determined from actual case histories. 

It ~711 be des7rable to know the variation of replacement cost by 

make, model and servicing organ'zat7on and to analyze 7n greater 

deta71 the cases where costs are exceptionally high or low. This 

7nformat7on should be gathered for d7sserinnation as consumer 

advlsorles. 

4.3 Cost of rout7ne 77a7ntenance of restraint systems. At th7s t7me 7t 

cannot be predicted whether any of the restrarnt systems that ~711 

appear on the market ~711 requ7re rout7ne, per7od7c (na7ntenance 

(other than a s71nple inspection). Where ~lntenance 7s required, 

7t ~711 7ncrease the 17fet77,le consumer cost of a restraint system. 

It ~711 be des7rable to learn btith the 1~7ntenance intervals, 

act7v7t7es and costs recommended by !lmnufacturers and the actual 

maintenance act7v7t7es undertaken by consumers. The former ~711 be 

ava7lable rather quickly and can be used for a prel7rnlnary estlrnate 

of Iifetirile 111d7ntenance cost. The latter ~711 be used to refine 

the estimate. Also, discrepancies between the former and the 

latter may point to the need for a consumer advisory to reduce 

k 
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unnecessary maintenance or, conversely, to increase maintenance to 

the manufacturers' recomnended levels. 

4.4 Cost of repairIng malfunctlonlng restraint systerE. Non-routine 

repairs are part of the lifetime cost of restrc lnt systems. It 1s 

necessary to determine what types of repair are performed, how 

frequently and at what cost. The total cost of repalrs for each 

type of restraint system will be divided by the number of vehicles 

equipped with that system to obtain average llfetrrne cost per 

vehicle. 

Also, it will be desirable to study the varlatlon of prices pald 

for certain repalrs and the effect of vehicle age on repair costs. 

The information may reveal the need for lssulnq a consumer 

advisory. Restraint systems that are difficult to maintain or 

repalr should be rdentified. 

4.5 Effect of Standard 208 on auto insurance costs. One of the 

maJor benefits of the Standard should be a signifycant reduction of 

auto insurance costs because there will be fewer deaths and 

inJuries on the highway. 

A reduction in liability premiums will not be realized Inmediately, 

but only gradually, as the post-Standard vehicles approach 100 

percent of the nation's vehicle fleet. The reduction may be mas'ced 

by the year-to-year inflationary trend of insurance costs. 

Different premiums will be affected in different ways. Medical 
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expense coverage may decrease immediately while collision coverage 

may increase slightly because of the added expense of repairing 

automatic restraints. 

It will be desirable to analyze the trends of insurance costs for a 

sample of hypothetical drivers and vehicles to determlne the effect 

of the Standard on costs. 

4.b Product liability claims. There has been some concern about the 

posslblllty that the Standard could lead to an increase of product 

liability suits against cilanufacturers (the cause for the concern is 

that coilpllance \qlth the Standard could be interpreted by some 

consurllet-s db 3 "guarantee" of no InJury in certain types of 

crashes). 

Since a i?dJ(Jr increastl In product liability claims could affect the 

public acceptance and cost of the Stdnddrd, it is necessdry to 

monitor the sitrlatlon closely. The number of claims, the reasons 

given for the cld7111, the disposition and the cost to the 

manufacturer should be determined. 

Some specific ~~otent~al causes for product liability suits are 

0 significant InJury in a crash of Iloderdte severity 

o alleged failure to deploy 

o failure of belt bjebbing, latch, retractor, or dnchorage 

0 InJury to ollt-of-position occupants. 

o certain types of non-crash deployments. 
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4.7 Economic impact of Standard 208 on restraint system suppllers. 

Most restraint system components are purchased by the auto 

manufacturers from suppliers. Since there IS still conslderable 

uncertainty about the quantltles of various types of restraint 

systems that ~111 be needed and since the suppliers must make their 

declslons on production levels ln the face of this uncertainty, 

there are posslbllltles of shortages of sorl,e systems and wasteful 

over-capltallzation to produce quantltles of other systems that far 

exceed demand. The net result could be economic disruption of the 

suppller industry as well as public dlssatlflcatlon and excessive 

prices for the systems whose demand exceeds production. If the 

economic dlbruptlon IS severe, there could be a questlon as to 

whether the Standard "falls wltnln the flnanclal capabllltles of 

suppliers and i,,anufacturers." 

Before and during the Standard's lmplementatlon period, NHTSA should 

monitor the production capability, actual production, lnventorles 

and prices charged Ly suppliers. NHlSA would then be in a posltlcn 

to react promptly If serious econolllic proSlcrns arlsc. 
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CHAPTLR 4 

EVALUATION PROJECTS 

Chapter 3 presented 30 questlons that the NHTSA has ident-rfled as 

important for Its evaluation of Standard 208. For each of the 

questlons, there is dt least one evaluation proJect that ~111 provide 

data to help answer the question. In some cases additional proJects can 

provide further lnformatlon on the question. 

This chapter describes 14 lnformatlon-gathering projects related to 

Stdndard 2013. Edch study addresses one or allot-e of the 30 evaluation 

questions. Conversely, each of the 30 questIons 1s fully addressed by 

at least on{1 of the studlps rnd, In r,\ost cases, there ~111 be backup 

lnformat1on frorll several of the other proJccts. 

The discussion of edch pro;ect includes a description of what data are 

collected and how, a listing of the questions for which the study prov- 

ides prlcflary or bachup ~nformatlon, and a schedule for proJect liilplemen- 

tation lncludlny ddtes of il'ajor results. 

The first 3 proJects, the Natlcnal Acc1oent Sailpliny System @ASS), the 

Fatal Act-dent Heportlng Sybter? (FARS) arid State dccrdent systems all 

serve the purpose of estimating casualty-reducjng effectiveness of 

automatjc restraints based on statistical analysis of hic,hway accident 

ddtd. The YA SS would prov lde the blast dUthOrltdtlVe reSUltiS (i.e., 
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accurate and unbiased, with measurable sampling error, and Germlttrng 

detailed characterlzatlon of InJury severity and other factors). 6ut 

NASS 

take 

7 .e. 

even 

much 

resul 

data can only be collected In a llmlted number of areas, so It ~111 

several years to produce a sample sufficient for precise results - 

until 1983-85 for various llieasurements of InJury reduction and 

later for fatality reduction. The other two systelx, which Involve 

rqlder data collection areas, ~11 Grovlde fairly authorltatlve 

ts 111 a much shorter tine. 

1. National Accident Sar~,pllng System (NASS) 

The NASS perlillts lrtvestigatlon of a probaorllty (randolil) salllple of 

the nation s trdffic dccldenti and provides Jetdlled information 

such as occupant restraint syster)l usage, occupant inJury severity 

(uslny the Abbretldted InJury Scale and other ,lleasures), crash seve- 

rity (Uelta V) and crds+ conflguratltin. WS cdn br relied upon to 

produce InJury Jnd fatality rates for restralned and unrestralned 

o NASS 1s 3ne of the primary data sources for Ipasurlng InJury 

reduction (Question 1.2) due to restraints. 

The NASS datd cdri, for example, he :~sed to calculdte effectiveness 

as follokds. Suppose there ciere 2203 iona\qay crashes involving air 

bag equipped cars on the file, and there \dere a total of 3OOO 

front-seat occupants in tClese cars. And let us assJlle !Sc) of thesl? 

persons hdd inJuries of i:S > ;. Tt,l> would 1~ w I Ijury rdte of 5 

pet-cpnt (i.e., 153/3000). At thdt tlw, the 'iAS file I,llcjht dlso 
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contain 7500 cases of comparable pre-Standard cars involved In 

towaway crashes (e.g., model years 1980 and 1981 cars of the same 

Size categories as the air bag cars). If there were 10,000 

front-seat occupants In these cars and 1000 of them had InJurles of 

AIS > 2, th?s tiould ylve an InJury rate of 10 percent. Since the 

1nJury rate 111 the air bag equipped cars 1s 50 percent lower (5% 

versus lo:), the estl,?ated effectiveness of the air bag system is 50 

percent. (The estli,late would be refined by standardlzlng the InJury 

rates 1q the pre-Standard drid post-Stdndard cars, usi'7y control 

ddrlables SUCil dS 6V. ) 

NASS irlll be orqanlred to Investlqate accidents In 75 geogrdph~cal 

areas (Prlllsry Yamp11ng Units), w'llch produce about G percent of the 

flatlOrl’S dCCldk2ntS. VASS ~11 not routinely Investigate each accl- 

dent in t$esc areas, bllt only a sdld,$le of these irc~ldents (Contlnous 

SJ,dipl 1 ng ';ubsystei ). lr: orJer to produce an dCiei]udte Satiiplc size of 

automdt 1c restraint cases, 1-t ~111 be necessdry to sup;,lment the 

3dS1c NAj5 Sarlple by oversdlilpllny towaway crdhhes 1n the i’J areas 

that 7nvJlve a i~ost- Stdntldrd vehicle. Fortunately, NASS has been 

orgdnrzed to dllow for the lnvcstlgatlon of d supplementdry sdritple 

of dccldents, such as the one above (Special Studies Subsystelir). 

Furthcrl~ore, WSS allows for tile s,lpplel,lentstJon of the regular data 

Collection forllis with dddltlondl ddta elements relating to the 

specldl study topic (?.e., automatic restrdlnts). The posslblllty 

of collecting dddltlOiiJl data elel,lents makes NASS a prlrltdry data 

source on operational ch4rdcterlstics of autoriatlc restraints: 
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o NASS 1s the primary data source for the frequency and 

characterlstlcs of air bag deployments (2.1) 

o It IS the primary source on InJury-contact pornt patterns (2.2) 

of alternative restraint systems. 

o NASS ~~11 be used to estimate and compare restraint system effec- 

tiveness by car size (2.4), by seating posltlon (2.5), and by 

crash severity and dlrectlon of force (2.6). 

NASS also provides backup rnformatlon for several other questions, 

VlZ. 

o Type of 1nJurles with automatic restraints (2.3) and restraint 

effectiveness in exceptlonal sltuatlons (2.7) - \dhen NASS 

lnvestlgators suspect problems ln these areas they could trigger 

NtiTSA to send an In-depth investigation team. 

o Automatic belt usage by crash-involved persons (3.2), automatic 

belt disconnect rate (3.3) - NASS would eventually supply rell- 

able estimates of these rates. Other proJects, however, will 

supply precise estimates more promptly. 

The estimation of InJury reduction requires thousands of accident 

cases. The NASS system will take until 1984 to accumulate the 

necessary sai'iple, assuming YASS IS fully operdtlonal by September 

1981 and assuming sales/usage Level 3 for automatic restraints (ses 

Chapter 1). Appendix A gives a more detalled dlscusslon on the 

computation df effectlvenes; and its varidbllity. 
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The two reasons that NASS data collection IS prolonged are 

(1) The relatively small number of automatic restraint vehicles on 

the road before 1983. 

(2) The areas in which MSS data are collected comprise only 6 per- 

cent of the nation's accidents. 

The first factor IS out\lde NHTSA's control. An Increase in the 

number of NASS tearz could alleviate the second factor but 1s not 

consIdered IiLely at this tlr,ie. 

7. Fatal Accident ke+ortin(j Systerl (FARS). 

The FARS 13 d census of the nation's fatal traffic accidents, based 

on Traffic Yecords Sy stem (prir,ldt7ly police) ddtd. FAR5 ~111 pro- 

v~tle counts of front-scat occu,)ant fdtalltles in air bag, automatic 

belt, and corltrol Jr-ou;) (~rs. The fatality counts are divided by 

the nullbet- of cx;Iosute years For each type of vehicle (derived from 

sales data) to yield f,ltallty rates I)pr l,C(~C,OOO cdr years. The 

fatality rates for dir bag dnd jutolliatic belt vehicles are corqdred 

to those ?f the control .jroup ln order to Obtdll the fdtdllty 

reduction due to the t?lc%e syste11,s. 

The FARS rlatd c<jn, for exa~~ple, be used to calculate effectiveness 

as foJlows: 5uppose there dre lC'3 front-seat occupant fatalities on 

file for cdrs equ ;:ped with optional autoIllatic belts. And if this 

optional alltollatlc belt fleet had dccuilulated 500,000 vehlclc years 

of ex,)osure at that tile, the fatality rdte 1s 200 per ,nlllion 
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vehicle years. At that time, the FURS might also contain records of 

700 front-seat occupant fatalltles In manual belt cars of the sane 

makes, models and model years as the automatic belt fleet. These 

rtlanual belt equipped cars, let us say have dccuniulated Z,OOO,OOO 

vehicle years of exposure= Therr fdtdllty rdte 1s 350 per nilllon 

vehicle years. Since the fatality rate In the automatic belt cars 

is 43 percent lower (200 versus 35O), the estimated effectiveness of 

the optlonallj Installed auto1latlc belt systelr, 1s 43 percent. 

Append14 4 conialns fJrther dlscusslon on the coll,)utatlon of 

effectiveness and rts varlablllty. 

This apprcdch 1s feasible bccduse FMS records 'he vehicle illale, 

111ode1, Ilode year and Vehicle Idcntlflcatlon Number (VIIJ). After 

Septei,lber 1980, FMVSS 115 ~111 require that the type of restraint 

system Installed In the vehicle be recognizable from the VIN. For 

autoll,atlc restraint vehicles Groduced before that tl,lle, 

manufacturer-supplied VIN lists ~11 be required. 

o FN?S will contain a s~~fflclent ncrllber of cases to measure the 

fatality reducing effectiveness of the air bay system with a fair 

degree of relidbillty by Fall 1982 and with hrgh rellablllty by 

mid 1983 dnd the effectiveness of the automatic belt system with 

a high degree of rellablllty by Fall 1952 (assuming sales/usage 

Level B). 
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o FARS already contains a census of fatalities in automatic 

restraint vehicles. It can be used to make estimates of 

effectiveness, especially for automatic belts, in 1980 and 1981. 

The reliability of the estimates will increase as the on-the-road 

experience with automatic restraints accumulates. 

o FARS will also provide estimates of fatality reduction by car 

size (2.4) and occupant seating position (2.5). 

FARS is obviously much more timely than NASS in providing reliable 

estimates of fatality reduction (See Table 3-l for the NASS dates). 

On the other hand, the FARS estimates may be somewhat less defen- 

sible than NASS. FARS provides fatality rates per I,OOO,OOO car 

years, rather than per 100 accidents. The fatality rate for one 

restraint system might be higher than for another because the cars 

are driven more miles per year or have more accidents per l,OOO,OOO 

ml les, rather than because the restraints are less effective. In 

other words, there may be confounding by effects other than the 

restraint systems. There are analytic techniques for eliminating 

some of the confounding effects but they are not foolproof. 

Another shortcoming of FARS is that there will be no direct, 

reliable way for comparing the fatality rates of automatic belt 

users versus non-users, or air bag plus lap belt versus air bag 

alone. The primary purpose and capability of FARS is to provide 

fatality rates for air bag equipped vehicle occupants (regardless of 

lap belt use) and automatic belt equipped vehicle occupants (whether 

they use belts or not). 
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The FARS has been fully operational since 1975. No modlflcation or 

supplementation of the basic FARS will be required to perform this 

proJect. 

3. Analysis of State Accident Data 

Each State rnaintalns a censlls of Its reported trdfflc accidents, 

based on police reports. Tie data flies will provide counts of 

front-seat occupant 1nJurles In post-Standard and pre-Standard cars. 

"InJuries" would Include +ollce-reported fatalltles and "A" level 

inJuries. The "A" level 15 the most severe one on the three-level 

?ol?ce-reported "ABC" non-fdtal injury scale. If the datd file 

contains restraint system Informa%lon or the Vehicle Identification 

Number (from which "type of restraint syster,l" can be decoded), it 

will be possible to obtdln separate counts for dir bag dnd automatic 

belt vehicles. 

There are several alternd jve Qrocedures for \llakiny effectiveness 

estimates based on State accident data files: (Appendix A contains 

additional discussjon on the conlputatlonal Grocedures): 

(a) If, for example, the State mjlntalns Information on the files 

about all towaway-involved vehicle occupants, both 1nJured and 

UninJured, it would be possible to calculate fatal and serious (K+A) 

inJury rates $er 100 tOWaWdy-1nVolVed front-seat occupants. The 

effectiveness calculation would be quite slmllar to the one used 

with NASS data (See ProJeci tie. 1). 
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(b) Some States do not generally record information on uninjured 

occupants, but they do maintain records on all towaway-involved 

vehicles and all 1nJured occupants. Let us assume, for example, 

that data were acquired from several of these States and that we 

find 2000 towanay crashes involving air bag equipped cars in the 

files. Suppose that 100 front seat occupants of those cars were 

Killed or had "A" injury. This would be a K+A injury rate of 5 per 

100 towaway-involved vehicles. At the same time, the files might 

also contain 6000 cases of comparable pre-Standard cars involved in 

towaway crashes and these have GOC front seat occupants who were 

AJlled or +&I "A" injury. This would be an injury rate of 10 per 

100 towawdy-involved vehicles. Since K+A injury rate in the air bag 

cars 13 50 percent lo\Jer (5 versus 10) the estimated eftectiveness 

of the air bag systell 1s 50 percent. 

(c) Some States do not generally record information on property- 

daicage towaway accidents, but they do maintain records on all 

JflJUt”ed occupants of vehicles involved In fatal or injury towaway 

accidents. In these States, it would be possible to calculate K+A 

injury rates per rlillion vehicle years and to compute effectiveness 

by the same technique J\ed with FI1I-I.S data (See Project No.2) 

State-by-State vehicle sales data would also be needed to calculate 

the vehicle years exposure of a fleet in a State. 

o The State data files riould DU used to measure inJury reduction 

(1.2) using the K+/\ injury criterion. If 5 or more large State 

files are usable (e.g., contain the VehJcle Identification 
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Number), the State files would generate a sufflclently large 

sample of air bag accidents by mid 1982 and optionally equipped 

automatic belt accidents in 1981. 

o State data would be used to measure InJury reduction by car size 

(2.4) and occupant seating posltlon (2.5) 

The utility of State files for this evaluation depends on the number of 

States that ~111 be collectlrly the necessary data ele,ilents by 1987 and 

the amount of time required to encode, automate dnd retrieve the data. 

(If this exceeds d year, it \vould essentially rllake the State datd 

dndlysls no tlmeller than FIATS.) The need to use the K+A Jn.jury 

criterion and, possibly, InJury rates per l,OOO,rJOO car years dre the 

prirlcipdl shortcon,lngs of Stdte flies. 

PIHTSA ~711 analyze State accident files for the cdlendar years 1980 dnd 

1981 in order to lionltor the dccldent experience of autorlldtlc restralrrt 

cars sold before the Standard's effective ddte, and for calendar years 

1982 through 1984 In order to inonltor accidents Involv-rny optional dnd 

mandatory autoljlatlc resraints. 

If the dndlysis of State accident flies for the cdlendar yedrs 1980 and 

1981 should prove unsatisfdctory due to data quality problems, N'iTSA 

would lrilplement an extension of FAiiS (Pro:cct ijo. 2) to selected classes 

of non-fatal accidents, the Llmrt~d Accident Keportlng System (LAI?S). 
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The groundwork for LARS implementation will have been laid in 1980-81, 

simultaneously with analyses of State accident data tapes. LARS would 

provide information that is on State accident records supplemented by 

information drawn from other existing State record systems. The effort 

would involve approximately 5 large States. The LARS accident 

population would include crashes involving automatic restraint vehicles 

plus a suitable control group. LARS could be further improved If States 

add questions on air bag deployment and automatic belt use to police 

accident reports. This would make possible the calculation of 

deployment frequency (2.1) as well as more detailed analyses of 

restraint effectiveness. 

If LARS is implemented, data would be collected during 1982-84. 

4. In-Depth Rccldent Investigation. 

NHTSA has 6 r,lultidlspllnary in-depth accident investigation teams 

under contract. They can be dispatched promptly to perform clinical 

Investigations of selected individual accidents anywhere in the 

United States. In depth investigators can perform more detailed, 

expert lnvestigatlons than NASS teams and, unlike NASS members, they 

are empowered to follow up, in an open-ended fashion, those aspects 

of an accident that they consider of particular interest or 

importance. Their ability to go to dCCldentS anywhere In the Unlted 

States gives them an opportunity to cover rare events (such as 

failures to deploy). These types of events would occur so 

infrequently at the NASS sites (which contain only 6 percent of the 
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nation‘s accidents) that national rates could not relld ly be 

calculated from NASS data. 

o NHTSA currently plans to lnvestlyate in depth every fatality in 

automatrc restraint vehicles during 1980-84 for which timely 

notification is received. 

o In-depth lnvestlgation 1s the primary data source on 

the type of inJuries with autornatlc restraint systems (2.3), 

restra?nt effectiveness In exceptional situdtlons (2.7), and 

autor,tatlc restraint malfunctions in crashes (2.9). 

o In-depth ddtd are a secondary lnformatlon source on automatic 

rlalfunctlons during normal vehicle operation (2.8). Iq-depth 

lnvestlgatlons ~111 not be routinely required for such 

rnalfunctlons, but only In those cases where the cause 1s not 

imnediately evident. 

o In-depth rnvcstlgatlon 1s the primary data source on dccldents 

lnvolvlng air bag equipped cars currently on the road. 

The notlflcatlon systems that will trigger the In-depth rnvestlga- 

tions include NASS (ProJect No. l), the NHTSA rfotljne (5), cornmunl- 

cations from the manufacturers (6), and owner surveys (9). Ttle 

events thdt could trlyyer In-dept? rnvestlgatron Include 

o Fatal crashes (especially during 1380-M) 

o Other exceptlonally severe crashes 

0 Non-deployment crashes t1t.h high InJury or accident sever-tty 

0 Fion-crash de,)loyllents with no obvious exk)lanatloQ 



NHTSA's tentative proJectlons for the likely volume of In-depth 

investlgatlon durrng fiscal years 1982-84 are the following: 

FY 82 FY 83 FY 84 

Fatal crashes 

Severe InJury crashes 

Other events (such as 
restraint malfunctions) 

Total 

55 130 130 

130 250 250 

115 120 120 

300 500 500 

5. Use of NHTSA's "Auto Safety Hotline" and Analysis of Consumer 
letters 

in 1976, NHTSA establIshed the Hotline, a natlonwldc toll-free 

number which consumers can call If they have any safety-related 

troubles with their vrhicleb. Consumers receive expert advice 

over the phone or their grobles <It-r referred for possible 

corrective actlon to the appropriate NHTSA office - usually the 

dfflce of Defects Investiyatlon. Consumers also report 

safety-related problems, request lnforrnatlon or express opinions by 

wrltlng to the NHTSA Admlnlstrator or the Secretary of 

Transportation. 
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The Auto Safety Hotline (lncludlny the consumer letters) ~111 play 

a vltdl role after Standard 203 becomes effective. Consumers can 

receive lnformatlon dbout what to expect from automatic restraints. 

NHTSA, rn return, ~111 $rorlrptly become aware of any problcrlrs thdt 

may be occurlng with autolllatlc restraints - proi;lems concerning 

operating performance, consumer acceptance and purchase or repair 

prices. 

The prirtilary cldvdntdge of the iiotline, relative to other notiflcaticn 

iy 5 t c?lllS , 7s thdt lt can hr7ny problems to NITSPI's dttentlon 4ery 

;llJ7 "1 ly. On the other IILL,K~, the i~otllne 7s by rtc, IIP,I,I~ a cor,i~~letc 

report1 nil SY~~P~II and cannot Le isei for statlstlcjl purposes such OS 

tal lyl ng the nu,ilber uf ilon-crash deployirlenl~,. 

The usefulness of tne hotline will be enhanced by a ~)uhlic infor%- 

tlon progrd'li 3dvislng con:drlers of Its dvdlldb717ty, .3t dbout the 

sdrne tlr,w the Standard takes effect. 

o The iiut 11 ne ~1 11 pr ollIIJtly p"ov7de 1 nforliiat 1 r)ll dbG11t 11d1 furictl Orls 

uf re5tr31if syiterils durlrly norhal VPhiCle tJp?ratlorl (?.8), dnj 

17 crashes (Z.(l), tt 0 ier 3perdtlor~dl ri,al functions (;l.li)), 

I,ialfunctlons In extrer7e operatIny environllents (2.7), exceptional 

discomfort or inconvenience (3.4). 

o The Hotline ~111 provide lnforlirdt1on about pclce-reld+ed 

probleIls, such ds indblllty to obtain d c<Ir- tiitti tne dPsTred 

restraint systP,rl dt d rnisljndble prire (3.6), e~ces7ve charges 



for replaclng deployed bags (4.2) and compla ants about the 

qua llty or cost of restraint system repairs (4.4). 

o The Hotllne would provide early lndlcatlons lf there cdere 

substantial public dlssatlfactlon with the Standard (3.10) and 

lnforrllatlon about product Ilabillty suits (4.6). 

o The Hotline )nay occasronally be the notlflcatlon source for 

high-Interest events sjch ah the types of inJuries r,lth automatic 

restrairit system (2.3), extremely severe accidents involving 

post-Standard 

(2.7). It Wl 

rhesb? events 

cars, or sccldents involving exceptional sltudtlons 

1 serve as a trlgyer for in-depth investigation of 

ProJecl k.4). 

f‘, . Inquiries to New Car Mdnufdcturers and Rebtralnt System Supilllers ___-- --- -- 

Inforl,latlon about the production and delivery of automtlc restraint 

dehlcles I+, best outall& dlrcctly fro11 the new car I1lanufacturers 

arid 1 I ~,~orters. Y'iTSfl: ~1 11 I klk di rangei~cnts iii tl, the ~lllrlilfactclrers 

that ,lroductlo:r drl( &I ivcry ildtl be s?nt to ilriT91 on d ,)erlodlc 

basis. NYTSA loo1 s for\rard to a continuation i,f the current 

cooperat. ve efforts rrlth l~lanuf~ctl1r~rs for rlotl flcatlon and 

investigation of fdt 11 and >everP 7n~ut.y crashes, instahces of 

restraint 5ystelr liialfur~ctioninq dnd other lnfr~matlon of co~,i~ron 

concern. 'Jhen Y'ITS'J lest 11s f i\roujr> r)qe of 1 ts 7 nfomak 1 on sources 

that a vehicle has been 11vol~ed 1'1 CUIC 01 tilcLe events it ~11 

prol,iptly notify the l,iandfacttirer. l/hen I manufacturers learn Lhrougtl 

their channels of drl event, we would ex,)ect them to rlotlfy NHTSA. 

Also, NYTSA and the rnanut~~cturers would share ln the in-depth 

lnvest~~atlon effort by sending lolnt teat,ls or by taking turns 

perfor,nlng the investigdtlons. 
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o Inquiries to manufacturers are the primary source of vehicle 

production data (3.1), llablllty claims (4.6); impact on 

suppllers (4.7) and productlon/marketlng strategies (3.7) 

o They are a source of lnformatlon on possible restraint systems 

malfunctions to support abJectIves 2.3, 7.8 and 2.9. 

o They are a source of lnformatlon on the prices of air bag 

replacement (4.2), as Lie11 as the recommended procedure for 

disposing of undeployed air bags (2.11). 

This proJect would be part of an ongoiig VilTSA activiiy during 

1980-85. 

7. Acqulsltlon of New Car Keyistration Ddtd 

NtiTSA ~111 perlodlcally otit,jln nev~ car resl\tratlon data from the 

manufdcturers, a commercral firm, or the States. The data should be 

decodable to determine the type of restraint system ;nstdlle(l In the 

vehicle. They should dlso provide names ind addresses of new cdr 

owners so they can be used for tirawlny s~~llplc~s of the owners. 

o The registration data are the I)rlolary source of velilcle sales 

i nformatlori (3.1) 

D The reylstrdtion ddtd will be used for (Jrdwing sl sample of nebl 

cdr owners, which ~111 be {Ased for the owner survey (Project 

No. 9). 

The files can be used to deter,illnCl the ex,)osIJre, in vehicle 

years, of cars broth alternatIve restrjlrlt system. NationwIde 

exposure data may be needed to ~~en;ure fdtdlltY r‘e~iuc1 ion 1'1 

conJunctlon with the Fcltal Accident Repurtln~~ Syste~,~ (ProJect 

No. 2). Statewide &It3 may he nefded 11 cr)nJ~rnctlon with the 

Stdte accident files (Project No. 3). 

62 



o Sales lnforrrtatlon based on registration data ~111 support 

analyses of the Impact of the Standard on mnufacturers (3.7) and 

suppliers (4. 7). 

The level of detdll of the reyistration data required for evaluatloll 

of Standard 2013 ~111 ))P establisned during 1980. 

d. )n-the-Koad Belt Usage Survel ---- 

NHTM has track.ed on-the-road JsacJe r'dtes of manual atld d,ltmatlc 

belt5 by vch~cle IW~P dt1~1 iic>tiel since ~'174 and ii? 11 continue doing 

so during lQMl-?b. The +r~( 1 lny iJrL)Ledllt‘r' 1llvoJ vc\ qbservatlon of 

lilt JS~I~IA in vt>hIrJi>, ~to,~~~t~~f fur trdtflc 21gnlls. The survey is 

currently conducted at urban, suburban and rural locations wlthln 19 

areas of the United States. The observers also record the license 

plate nur,lber of the vehicle and check It against State reglhtratlon 

flies In order to cor,flrro that the vch]cJc r,lake, model, rllodel year 

and restraint systell instdllat~on ktere correctly recorded. 

o On-the-road belt IlsacJe surveys are the prlrmry source for 

estlrrlatlng autornatlc belt usage rates (3.2) as L,elJ as lap belt 

usage in dir bay cdrs. 

o The survey ~111 support analyses of belt dlsconnectlon (3.3) In 

that it ~111 provide gross statlstlcs on modes of belt non-use 

(e.g. belts \$orn behind back, emergency release used, etc.) and 

rIllsuse (e.g. belts worn under the arm). 
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Since there will be relatively few automatic restraint cars on the 

road in 1982, there will be some difficulty In securing a suffl- 

crently large sample of observations. It will be necessary to 

double the current number of observers during 1982 in Grder to 

obtdirl statlstlcally reliable cstrrnates of restrdlnt use, by rlianu- 

facturer, in post-Standdrd cars that year. 

9. Nebf Car A/net- Survey 

A probdbl lity sdirl(lle of the nltion's recent purchdsers of 

post-S%dnCidrd cdl’s would be surveyed, possibly using a Lo1lhindtio'l 

of telephone i~t~rvlei~lny dnd hid1 lbaci quebtlonndlres. The survey 

wi 11 cover three ~1 n topics (1) plbllc oplnlon on autol,latlc 

restrdlnts (2) dlsconnect7on of restrdlnt systems (3) r~tdlfunct1ons 

of restrairlt sysbws. 

o he own\lr but-vey ~111 be a ilrlmry data source for evalJa+lny 

public satlsfactlor, with the Standard (3.10), the effect of 

restraint syster,, $rlce dnd dvdrlabillty dnd ~olnt-of-sale 

information shout rebtrd?nt systems on car purchase (3.6) and the 

iIrl[?acl of NHTM ,mbl 1 c lnformdtl on (1rogrdins on auturmtlc 

restrllnts (3.9). 

o It will be the prilliary ddtd Source for estlrridt1ng the dlsconrlect 

rate for autornatlc restrdrnts (3.3), the frequency 3f varlou(B 

dlsLonncct technrques and the reasons for drsconnect ion. 

o It ~111 be d prlnldry source on the frequency ;Ind type of 

restrdint systelil rlalfurict Ions (Z.lil), the rxlpnt tu which thebe 
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are repaired (3.5), and the prices consumers actually paid for 

routine maintenance (4.3) and non-routine repairs (4.4). 

o The owner survey will provide supporting data on the comfort and 

convenience of alternative belt system (3.8) and the frequency of 

malfunctions during normal vehicle operation (2.8). 

Since the proJect ~111 be a new activity for NHTSA (although a 

somewhdt similar survey of current automatic belt car owners is now 

underway), a relatively long lead time is needed. The proJect ~111 

be initiated in Sumrller 1980. 

Sortie of th3 .- ,)roble:lls under consideration here - especially restraint 

system disconnectIon and malfunction - may be related to the age of 

the car. Tnus, in order to obtain unbiased statistics for the whole 

post-StdndarJ cdr population, lt is inadequate to perform the survey 

as a one ti iie offort using only rick/ cars. The survey will be 

repeated annually, beyinniny in 1982, and the sample ~111 contain 

older post-Standard cars ds r/e11 as new cars ln subseqrrent years. 

The survey may occasionally act as trlgyer for in-depth accident or 

defect investigations (e.q., lApon report of d restraint system 

malfunction whose cause cannot be explained). 

10. Public Survey 

In 1978, NHTSA conducted a public survey [ll] to determine 

consumers' attitudes towards safety and their familiarity with and 

opinions about automatic and manual restraint systems. Slmllar 



surveys would be conducted in 1982 and 1983, after the Standard 

takes effect. 

o The public survey will be a primary data source for evaluating 

public satisfaction with the Standard (3.10) and the impact of 

NHTSA public lnformatlon programs on autof7atlc restraints (3.9) 

The general public's familiarity 1~1th and attitudes towards 

automatic restraints would also be compared to those of new car 

owners (ProJect No. 9). 

Since the survey would largely be an update of an earlier NHTSA 

effort, a long lead time would not be needed. 

11. Controlled Tests of Comfort and Convenjence 

In 1978, NHTSA began assessslng the comfort and convenience of 

belt systems in new cars. This involves evdluatlng belt systems II 

a representative sample of cars of the latest model year. A 

representative sample of volunteers takes turns slttlng In each of 

the cars and trying out the restralrlt systems. For each car, theq 

are asked a series of questions pertalnlny to the comfort and 

convenience of the restraints. The res+onses are scaled and 

averaged to provide a nurnerlcal rating for the belt system In each 

car. In addltlon, the feaslblllty and convenience of using child 

restraint systems In the front seats of the various cars will be 

assessed. 
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o The Controlled Tests are the primary data source for studying 

comfort and convenience of automatic belts (3.8) 

NHTSA IS already performing thrs study annually, uslrlg cars of 

latest model year (i.e., with rllanual belts). The transitIon from 

pre-Standard to post-Standard vehicles will only require minor 

changes in the approdch. 

12. Cost and Weight Study Based on Component Teardown 

Cor,lplete restrdl nt syster,l dsseiub17es, for each of the maJor systel,ls 

dvdlldble on the Illarket, art! dcqulred. They are torn down to their 

SubdsSelIblles and components to the greatest level of detail ;3racti- 

cable. The colnsonents are analyzed with tne ObJectIve of ldentlfy- 

iny the lilaterlal types, gencrdl arocessiig methods, weights, cost 

per pound, toollny cost and all other manufacturers' costs. Weight 

and consu181er's cost dre estimated by individual make and model as 

well ds dveraged over all the cdt-s prodllced In a model year. 

o Studies based on component tear-down drt3 the prililary ddta source 

for estimating the cost and weight added to cdrs by the Stdnddrd 

(4.1). 

NHTSA has conducted studies of this type r~nce 1977 as part of its 

program to evdludte the cost of exlstlng safety stdndards. Autorna- 

tic restraints ~111 readily fit c/lthin the program. It will be 
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necessary to analyze autonratlc restraints from model year 1982 

(large cars only), model year 1983 (medium sized cars) and model 

year 1984 (small cars). Only than ~111 it be possible to calculate 

unbiased averages for the entire fleet. it ~111 also be necessary 

to cost manual restraints in colrlparable pre-Standard cars, since the 

ObJective IS to determine the incremental cost due to the Standard. 

Flnally, It will he desirable to repeat the cost analysis u~lng cars 

of later model years (1985 and beyond) to check If the cost of 

cornpljing with the Stdndard has chdnged. 

13. Analysis of Autolllatlc Restraint Replacement and Repair Data 

Ilitportant ~nformdtlon on restraint systems repdlr and iwilrl!endnce 

can be obtdirled from d nuiiber uf repair industry publlcdtlons. For 

example, Hunter's Service Job Analysis [13] provides estirllates of 

the nu,ilbers of repal r arid mdlntendnce Jobs of Jdrlous types that <Ire 

performed ndt 1 onwl&. The estimates are broken down by type of 

rei’dlr facility (dealer, silrvrce statlon, etc.). Chilton's Labor- 

Guide and Parts Manual [4] , among others, lists the recommended 

labor charges dnd parts prices for repalr and maintenance brork. The 

manufdcturers' repair and obtners' ,tlanudls WI 11 list the recommenced 

maintenance intervals, If drly, for restraint systems ds well ds 

lnstructlons for perforllllny r,laiqtenancP and repair. 

The Hunter manual can be used to calculate the actual nulllber of 

restraint system maintenance dnd repalr Jobs +erforiiled. The Chllton 
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manual can be used to calculate the suggested prices for these 

Jobs. 

It is not certain at this time that publications such as Hunter's 

and Chilton's ~111 have detailed llstlnys (or any listings) for 

repalrs of automatic restraints. A special effort on the part of 

NHTSA may be needed to assure their inclusion. 

. 

o Job manuals will be a $rlmary data source for determlnlng the 

number of deployed bags that are replaced (3.4) and the number of 

other repair and maintenance jobs (3.5). 

o Job mann.als ~111 provide supporting data on the normative prices 

of 3ir bag replacement (4.2) and other maintenance (4.3) and 

repair (4.4) of automatic restraints. 

This proJect will require considerable leadtime because new Job 

categories will hdve to be added to the Job manuals. Also, methods 

for the economic analysis of Job manual ilatd, in particular, and 

repair cost data, generally, must be developed in advance. The 

proJect will be initiated in Summer 1980. 4fter the Standard takes 

effect, the analyses should be updated periodically. 

. 
14. Analyses of Insurance Cost Data 

The economic analysis of the effect of Standard 208 on auto 

insurance costs (4.5) will be based on 3 types of data which can be 

obtalled from the insurance industry: 
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(1) Discounts or price adJustments offered by certain lqsurance 

companies or required by certain State insurance comissloners 

for purchasers of vehicles wth specific types of restraint 

systems. 

(2) Gross data on the total ,mwlulx received and claims paid on 

various types of coverage (llablllty, cnedlcal, etc.) ~11 be 

stdtlstlcally analyzed. 

(3) Data on the frequency and dr4ount of ,tersonal InJury pr-otectlon 

drltf hledlcdl 1nSurdrlce claltil payl,lents to owners Jf VehlCleL c/l h 

swcific types of restraint 5ysterIs (air bags, dutorilatic belt,, 

‘TldllUdl restraints). 

The first gf the three studies masure the lmwd~ste effect of the 

:+duddrd 0'1 1 nstirdrlce costs. NHTSA sho?rld be wddy to collect ddtd 

as soon as the Stdnddrd tdhes ?ffect dfld should ContlnUe collectlrg 

1nfomat1on throuyhout the evaluation. The lcdcj’_l Cte drld subsec]ilerlt 

level of effort required for this study 3rt) rdther slItall. 

The second stJdj measures the long ter11 t?ffect of the ?tdrlddfd - 

i.e., as the nation's vehicle fleet ~PCOI~IP~ [~wdw~~nantly equip,>ef 

with dutoridtlc restrdlnts. Sever-d1 jedrs ikiy pdss before there 15 a 

notlcedble effect on Ildblllty ~relllulilS, for exarlple. This stxly 

need not be ready fJr i~rplcrrentatlon I I Septrl~9x?r- 1381. The final 

rcsul ts 11dj not be dppdrent r!Itl~ln the tl~lefr-d~~e of this evaluatlo? 

effort. 

The third st~dq ~111 ;irovifle 3. surrogate 1~,ed51re of 'he ccrsudlty 

redu~ilig effectiveness 9f dlterndtlve restr3int systei6. The 

L'lgh\~ay Loss r]dtd irlstitute rids /)PrfL)riled dn an,llj'SlS of thlS type 

on the 1'3i's-71 'Jolkswa~en i<;lbblts. 
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CHAPTER 5 

PROPOSED NHTSA EVALUATION PLAN 

The proposed NHTSA evalutlon plan is based on considerations of the 

relative pr?or?t?es of the ObJectives, the feasibility of alternat?ve 

proJects to meet these obJect?ves, ava?lable resources, and the 

proJected scenario for automatic restraint systems sales and usage 

during the evaluation per?od (1980-86). 

This chapter ?s a four-section presentation of the NHTSA plan. r?rst, 

each of the 30 ObJectives are ass?gned to priority groups. Next, the 

proJects that contribute to each ObJectlve are listed, including 

coiilpletion 111 lestones. 

The third sect?on 1s a sullllllary plan schedule for the 14 evaluation 

proJects. FInally, NYTSA's prel?lll?nary proJection of resource 

requ?reriients 1s presented. 

NHTSA proposes to ?ssue evaluation progress reports on an approx?mately 

wm?-annual bas?s dur?ng 1980-86. The reports will summarize the 

results of the evaluation proJects and present dddltiona? pertinent 

statistical, engineering and econom?c analyses. 
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Priorities of the ObJectives 

The 30 ObJectives discussed ln Chapter 3 were dssl gned to three prlorlty 

groups. The highest priority group, listed In nurnerlcal order, but not 

necessarily by order of importance, was as follows: 

1.1 Fdtallty reduction 

1.2 InJury reduction 

2.3 Types of InJurles with dutomdtlc restrdint systems 

2.4 tffectivcness by car ~1ze 

2.8 Autollatlc restraint ~~~alfunctlon during normal vehicle operation 

2.q AlJtonldtlC WStralrlt rna~funL~lons ln crashes 

2.10 Other disdbl Ins I!ial function!, 

3.1 Productlon/sdles mix Jf 4IterndtIve restr3lrlt systelils 

3.2 4utomatlc belt usage un the road 

3.10 Public satlifactlon Nith the Stdnddrd 

Since the indin purpose of 3tdndar4 ?W IS to I,revent deaths and 

InJurles, t$e +lghest evaludtion priority 1s to find restraint systeril 

effectiveness. Yestralnt cor~~onent contact injury, nondeployllent in 

crashes, non-crash deployment dnd other l~lalfunctio~s dre serious 

potentlal side-effects of the Standard and need to be lilonitored closl?ly. 

The proportion 3f small Ldrs In the natlon's vehicle fleet IS likely to 

increase in the 1380's, so It, 1s especldlly linportant to evaltiat,e 

atitomatic restraint effectiveness In small cars. The belt/bag sales 

JIX, belt usage and p~hllc accentdnce of dutollatlc restrdlrlts ploy C 

maJor role in deterIIlrrllng the ultlmatc !>eneflts jf Ytdnddrd 208. 



. 

. 3.6 

The second prlorlty group of ObJectIves, llsted in numerIcal order 

rather than order of importance, was the follow ing . 

2.3 Air bag deployment frequency and characterlstlcs 

2.6 Restraint effectiveness by crash velocity change and dlrectlon 

of force 

2.7 tffectlveness in exceptional situations 

2.11 Disposal of undeployed air bags 

3.8 Co1,Ifort dnd convenience of dutomatlc belts 

4.1 Manufacturing cost and weight of restraints 

4.2 Cost of replaclng air bags 

4.5 t.ffecL on lnsurdnce cobts 

4.6 Product 11ab111ty claims 

The reinaln1ng obJcctlves were of lower prlorlty, hut should be addressed 

if rebourccs perrnl t. 

2.2 

2.5 

3.3 

3.4 

3.5 

3.7 

3.9 

4.3 

4.4 

4.7 

InJury-contact point patterns 

Etfectlveness by seat position 

Automatic belt tilsconnect IYlodes 

Air bdg repldcement rate 

Inoperable restraint repair rate 

Effect of Standdrd on car purchase 

Lffect on car Jesign, production and marketing 

iffect of N IT&1 lnforutdtlon programs 

Cost of routine Illa~ntenatice 

cost tif repa1t'S 

tconol iic impact on suppliers 
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ProJect and Completion Milestones for Each ObJectrve 

Figure 5-l sho\rs a complete listing of the milestones for each ObJec- 

tl ve. It IS organized to show what data system or source ~111 be used, 

the type of result that ~11 be obtained, whether lnltial, final or an 

update and k/hen this result ~111 be available. The obJect.lves dre 

*lIsted in the order used dhove - I.e., In the three priority groups. 

The Fatal Acc;dent Reportlny 3y5telr ~111 be the basis for the analyses 

If tdtdlity reduction during the period 13pJU-35, as shown in Flg\lt-tJ 5-l. 

FAR 0 tl3td have already been used for prel11~11nciry inaly;es of +tlr automa- 

tic restrdint vehicle5 now on the rodd [lo]. if 5dlPS of ~utollil+-lc belt 

vehicles duplny 1975-31 COntllllJP dS drltlCli?dtt-(j, lt k/111 be pOSSlt,le to 

estllMte the Pftectrveness of aut_o,ldtlC belts uy 13iio 0r 1381. An 

e3tirndte of dir bag etfertiveness \,111 he avalld$le 111 1932. i ~tllldte, 

of ln,ury reduction ~111, at first, be bdstd on :tdto dccldent ddtd. 

EstlI;ldtes of dUfOl,idtlC belt effeCtlVenesS may !Ie dvdllable 11 198ti or 

1931 3nd dir bdg effectivcnes5 11 1982. Finally, the ridtlOlld1 kcldent 

Saripliny Lyst31 ~111 be used to produce effeLtlve~iess estliliates dfter 

1983. 

In-depth accident lnvestiyatiorl ~11 be the prltlar-y Iiedn: qf ,tudylng 

the probleiils of restra7 nl ( ornl~,)nent rontact I n~ury, nondel,loyrlent in 

crdsheb and non-crds$ dc,lloyment. IdHTSA ex~~cth to ci7nilljc1 this effort 

cooperatively \,lth the wtm vehicle + anufactdrers. T+e o~iner survey 

WI 1 I be the 11131 n 1 rifori,idtl in ;IolirLc cm other ,)a1 functions of re:trdi rt 

sys I ells. 
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kstlmates of restraint effectiveness by car size can be made frolr: FARS 

dnd State data in late 1984. The reason for these late com@letlon dates 

is that. automdtic restraints ~111 not be required in sInal1 cars wt.11 

model yedr 1984. 

?rOtjuct ion dnd SalE!S figures for dir bdcj’ dnd dutwdtic belt cars ~111 be 

obtLjrned both before and after the effertlvc date of the Stctnddrd. 

iki-the-rodd belt usage surveys ~111 be conducted annually durln5 

1330-80. They ~111 provide information on autorrldt1c belt ubdr,e and, 

starting In 19&i?, or1 llidnudl belt usage in illr bsy Cdrs. 

Public dnd owner surveys will provide itIformat1on on consumer attitudes 

tOWdrd the Stdndard. 

The pliln schedule fat* the other ObJectlvc~, ds :iell ds dddltional 

details on the above obJectIves, my be found in FlcJure 5-1. 
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'IG"'Pr 5-l 

COMPLETIOh VILESTOflfS FOR EACH OBJECTIVE 

Group A--Highest Priority ObJectIves 

ObJeCti Ve 

1.1 r,t311+?/ 
redurtign 

ProJect 

2. FF,vc data 

Type of Completion 
Results 

-i- 

Date 

In 71 Jl-b~t L 119”‘, 19^1 
, Irt +1 31-b?'ji ILate 1497 

- -- 
l.? Inlllry 
reil,r+lon 

3 . stare daTa 
I 

c--- - - - -___. 

I’. r!cC' data 

2.3 Ty'x of 1nJUQ’ 

i 

6. Inauil les to 
with restraint qlfqrs. and 4. In- 
system depth 1nvFstloat'n 

_ - -- ---- 
3.4 EffertlbpnF s hv 3. F,3PC datd 
veh?rlP 81~~ r--- _----- 

--- --- --- - ---~_ __ - 
2.8 Auto restraint 
malfunctions during 
vehicle operation 

--_l_- - -  - I  

2.9 Auto restraint 
malfunctions in 
crashes 

- -- _-- --- 
7.10 Pl:ahllria 
palfunctloni 

i 

2 -. hta'p data 
-~____ --_--- 

K, tl"T'fi HctJlnp 
_---- _---- 

6. Inqulrles to 
vfars. and II. In- 
dcptr investiqat'n 
---,--L--v 

9, Owner survey 
-_-_ - ------ - --- 

5. r:PTc c UotllnP 
--------- 

i- 

t , 
I 

'1Ilal ';*r 1 j--Ild 1573 

"odates , nr .il 
- --- __--- 

Irlltl?il-kJelts lcP', IQ"1 

Inl+ld'-t,aJs lo- 
Flndl 't + j 

"p'ate 

,Ld,!? 19P'-f?>l ly 1qp7 

------- 

-1na1 ' + \ i 

------- 

yF)tr 19"4 
__ ------- -J----------~ 

.:rtlfl at ion Tht cJ,$lcl,t lc)Pl-QfJ 
------- ------ --- 

-TJc- b 1 f-i ,r 

YurnP'aly rep'+ 

qurillary 

',r,t if 1 rat i9ri i 

_---m--w ---- -- 

- --_--- ---- +--- - - x -- -_- - 

F . t:hTC: Uqtllr ( ,:or Y' 'hra,qhoJt 19?1-P6 
__^_____- t 
Q. $np~ S'JI vej 

3 
Jr1 t 13 / 

T 
_-_-- -- ----I--- 

'SC? 

-1r3' 1Q"C 

Jprlat~ -1 -n rl tA d 
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ObJectlve ProJect 
Type of 
Results 

Completion 
Date 

----------- --------~--------- 

: 

1. PIFicc data Auxlllary lQP7-P6 
(annbal) 

~_-- -- __- ---- - --_ -.-_-_ 
3.10 Fvaluate o~hllc ) lp, Public survey Inltlal 1907 
satlsfjctlon AI++ the FInal 1qn7 
'+arirlard 

i- 
--_-----------------------1 

i Q. hne, stlrvey inltjal 19"' 

I FIna I IQ"3 
I Updates 
c----------------- ------- 

15. VI-!Ted Yot:ine Case histories Throuqho\1t 19RQ-Q6 
sand consurer Inlt~al rep't 

lette, s 

r,\ PJp 5--L econd Friority c)bJeCtlVeS 

--- - - L- ------- -I_-~ --_I --- __- 

“.I CRY-- bat, ,I. f:trr- data Inltli' 19i" 
deplowents Final 19PO 

-- _---- - 
t 

-- --_I_-- -_ --- __-- 
7.6 Fffectiven?%s by ,l. "!;?q data Initial lQr‘4 
A'v'and P?L?i 

2.7 FffectiLeness 1n 
exceptional 
situations 1 

canal 19"L 
--- 

4:-In-depth 
--_- ---- - -._ - -_- --____ 

Case histol~es Throuqhotit 19W-P5 
lnvestlgation Summary rep't I9F? 

lkdatcs Annual 
__I_-- - - __- __ __-- - -. ---- I_----- -___--__- 

2.11 Disposal of 1QPl 
undeployed air bags ?W?-P'Ei 

_ _1I__ 
1982-p‘o 

convenience of 
automatic belts --------_--------.--- em--- 

19Q?-Qf; 

--------.------------------ 
f{l"';fi Lo+ 1 , i,' Gasp hlstnrlp< Throuqho'jt 19Pl-Q6 
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ObJeCtlVe ProJect 
Type of 
Results 

__ __ -_--- ---- 

t 

- --__ _-_--- 

4.2 rest of leplarinc It. Ins5\ anrh 
f-- _--__-- 

( TrlItlz!' 

deplcjep air baqs cost dat 2 
I 

c 
’ r,dat ( 

--- ----- c------- 

I 
t 

I 

t 

i- 

Completion 
Date 

- ---____ 
19’ 

r nilal 
--------- 

17' 
'Q'li-cc, 

--e----v- 

~- ------ i --____- __ j-- -- _-__ -+--- ___ 

7.2 TPl' ry cofltact- 1. 'r da+ > 7r + 1' 1'l'Ll 
point patter-q< F-if - 1orr: 

+ 
-- 

-___- - -- - -- -- _ - -- __- 
7.5 rf&QCtl PrlESC b I - , FLq C'zt- 
seatlnl; pni tii?r I 1 ' + 73°C 

------- ------- -- ---M-B 

-ta+c la+d * t 7 J"' 

PI- ----- ---- -- 
11, '-" datA 1 

'" 
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ObJectlve ProJect 
Type of 
Results 

Completion 
Date 

3.3 Clutomatlc belt P. On-the-roari 
disconnect rates 

Q. Owner shrvey 

- - --_-__ - lOC7, VW, 1985 
-- ---- ---_ -__ 

3.4 Deployed a11 ba= 6, :nq,, r 1~s to 
replacement I ate r?r,*af-t irers 

------- ----- 

- 

4.1 Cost of roLitlne 
malntenavco 06 
restraint system< 

/ 1 FL; I stt at 10’1 
I c-- 

?? , plit11r sut \ei IQ"7 
lqn? 

-----w-w -L------ 

O. ?lmot sul\ ey lQQ? 
19^4 
Annual 

--~-__ 
9. 0 ner su) i'eq lQQ? 

1qPn 
Annual 

----w--- --- ------------- 
1,'. A~al\'cls of 1gQ'3-"r 
lob manuals 
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ObJectlve ProJect 
Type of 
Results 

Completion 
Date - 

4.4 rest of repalrlng 6. Inqulrles to Initial 
disabled rest1 aunt manufacturers __-_----m----e 
svstems 

9. Owner survey Iriit la1 
FInal 
"pdatps 

19Pl 

------- 

19F? 
19Pd 
Lnnual 

__-- ------ - 
i'wT5A plctllnt CasF- hls+or es ’ Thr 0 (jh:jJt laP1-P6 

I ----- 

4 7 rconomlc . lrwact 
cf Ct3n13rci 3n" on 
rt5+rair+ sys:Gr 
slip"? '0) c / 
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Summary Plan Schedule 

A proposed schedule for each proJect 1s shown in Figure 5-Z. It 

specifies starting and completion times and, where appropriate, the 

periods of preparatory or analytic work that precede or follow full 

proJect operation. Figure 5-2 was obtained by condensing the 

lnformatlon in Figure 5-1, the detailed schedule of milestones and 

proJects by ObJectlve. 

. 

To help relate which proJects address each ObJectlve, a cross reference 

chart, FlyJre 5-3, has also teen Included. It shows the proJects which 

are primary, auxlllary or early-response methods to be used to address 

the obJect?ves. It also shows the projects that play a supporting role 

and provide basic inforrration to facilitate the conduct of other 

proJectso 



PROJ EC7- 

NATIONAL Accl OENT 
SAMPLING SYSTEM 

FATAL ACCIDENT 
REPORTING svs-rrhj 

ProJcc+s for mttd results 
and onnwal updates 

3 
ANALYSIS a: STATE 

ACClDENT DATA 

4 IN DEPTH ACCIDENT 

INVESTI GAyf0r.i 

5 ,’ USE or NHTSA 
I/ Aur0 SAFETY HOTLINE 

6/ 

1 

IN@JIRIES m 
MANUFACTURERS ~0 
SUPPLIERS 

‘7’ -- 
I/ AOIJISITI~N C-IF tick/ 

Y 
-1 i 

CALEN DAR YEAR 

/o&J I 1981 1 1982 I 1983 I is%9 I to= I 1986 
I I I I I 

-+--- +---+---,-v-f----- 
I I i i 
I I I 
I 0 pnj ad+ fy I 
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Prellrrinary Pro:ectlon of Resource Pequlrements 

NHTSA's ,,rellrllnary assessllent of resources needec- tr ?cconpllsh the 

evaluation of Standard 202 were nade for ~lann~r,s ,l,r->oses. They have 

not beer subrrlltted for lncluslon 71 any Federal Scidset, nor have they 

been revIewed outside NciT.,r. They are presented 'r this report 

prl~llar>ly to shoi, the relatrve magnitudes of the lrc%ects. 

Projections were nade for funds (FlgLre 5-4) dnd ers r years (Figure 

5-5). They are classlfled bj pro,ect an:' flsc$l JC <>. 

Sol,le of the reqIJlrrlents for funds are shokin In bracte+s. These are 

proJections of ongoing NHTSA programs for future yedrs, as these would 

directly relate to Standard 209 evaluation. The brdcbeted amounts are 

not 1nclJded l'i the totals. 

There are considerable uncertaInties associated wTth the resource 

reqhlrerents for some of the proJects. The requlre/?ents for Project 

No. 3, State Data Analysis, are the least certain d' this time 1t IS 

unknown whether the Limited Accident Reporting Syster will be needed. 

Therefore, two values are shown for this ClroJect - ale wlthout LARS aid 

the other with LAKS. The levels of offort for Ir)-De,lth Investigation 

and New Car Reglstratlon Data are a lso dlfflcult to Bredict. The 

remaining proJects generally inbolv e collection of a data sanple of 

known size with relatively well known costs per case, so the pro.Jectlons 

should be fairly accurate. 
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NHTSA proJects that the evaluation will cost between $11 million 

(without LARS) and $17 mllllon (with LARS) and ~111 require 49 person 

years of In-house effort. The LARS and In-Depth Investigation are by 

far the costliest proJects. 

The proJections do not Include the normal funding requirements of 

NHTSA's three general-purpose data collection systems, the NatIonal 

Accident SamplIny System, the Fatal 9ccldent Reporting System, and State 

Data Analysis, all of which contribute control group and baseline data 

for Standard 208 evaluation. The annual funding requirements for these 

programs will be $19 mllllon, $3 mllllon and $1 rnilllon, respectively. 

The personnel proJectlons exclude WiTSA staff positions already assigned 

to these proyrams or to general program evaluation and rulemalting 

dnalysis. 
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APPENDIX A 
STATISTICAL METHODS 

In preparing the evaldatlon plan for automatic restraint systems - 

Standard 208 - It. was necessdry to develop a series of estibidtes for time 

periods by which various accident data sets \~ould provide results on the 

effectiveness of restraints. This Appendix describes methods partlcu- 

larly the deter,,llnatlon of sample sizes, together with the analytical 

limitations, given the ddtd System envl~ioncd. 

There are five >zctloris 

0 Yethods ~se~j for calculating col,ipletlon dates. General Trocedures 

~ritl crl~~'r-ld are presented whrch dre then tailored to lndivldual 

reyulrell+tlt3 ;f e;lch of the subsequent data systems. 

o The Fata? Accident Ptlporting System (FARS) as used for estirtlating - 

the cffect~ deners of dutoilatic restraint systelz, and how sdrnple 

s~zt‘b are cdlclllated for tills ddta base. 

o Tt>e uSe of State Accident Data and \arrlple Size requlrementb for 

estlmdtlrllj th p incury reducing effectiveness d,F autoiriatlc 

restrd~nt systmls. 



METHODS FOR CALCULATING COMPLETION DATES 

Deflnltlon of Effectiveness 

The last 3 sectlons cover the calculation of the sample sizes for FARS, 

NASS, and State accident data necessary to prodlde stable estimates of 

restraint system flffectlveness. Effectiveness 1s defined to be the 

percentage reductroli in fatalities and/or lnjurles of occu+dnts utlllzirig 

an dutoaitic restrdint systehi nvor d cOll~h3~di~~e cyotlp of Jnr~strdlned 

occuplnts. LffPctivC'le5s "e" 1s: 

e = 1 - T/C 

rliiere T l\ tne percentage of deaths and rn~urle; 1n the population of 

crash-involve1 front-sdat occupdnts of ~utomatlc restralit ellllpped 

vehicles. C 15 the oorresponl1lng prcentdge for unrc~trsined crjsh- 

involved front-s2aC xcupants In s11~1ilar vehll:lPs. "S111113r" vehicles 

are vehicles of roughly the \d lte Size (WlrJht dnd n~iwlb3se) drlj dge, out 

not equ1,jped with dutomdtlc rrsf rdlnts. 

Crlterla for Stablllty of Effectiveness Estimates 

for each of tne three &td sources we ~11 be IISICI~, we 1~111 define tldo 

crlterlJ for <adequate stabll~ty of results. 

t4ith TAKS and JtdLe accrdent data, we ~11 say that stdblllty lb adec,uate 

for inltlal rtSu1t.s lf tLi~ standard del/ldtlon of obst!rvfd effectivcn~~ss 

"e"ls .075. The ,+a,)illty 1: i k]JLlt." for reflrted results if the 
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With NASS data, a higher level of sampling error can be tolerated than 

with FARS or State data, because there IS less risk of non-sampling 

error: NASS would be more nationally representdtive thdn a selection of 

5 or 6 States, It has a fdr more tletdiled system of quality control, and 

NASS data Ldn be ddJusted on varldbles such as4L’to relrlove ,~osciblc 

confounding biases. Ne ~111 say that stablllty IS adequate for Initial 

NASS results If the stdndard clev~dt II~II of ohserdeii "e" IS .lO. ThP 

stdbll Ity 1s adeqll2te for- refined rPsillts if tJw itdn(i,lrd !PVJ ~~i0r1 I\ 

.0/S. 

(1) 

$3 



e IS the effectiveness. Specific values are given In the 

"Assumptions" section. 

WTbd 1 IS the coeff7c7ent of varlatlon of observed T arid IS 

d function of x. 

CV(C) 1s the cc,eff:clerlt of vdrlat~~~n of IL. Lance C ml1 be 

CdlcJldtf~d froln exlstlnq data flies, (V(L) ~111 hdve a 

fIxed val JC~. 

dbovfj Id te. 

The pmJectlons of ex+Pc 

follow. 



ASSUMPTIONS 

Sales and Usage 

Passenger automobile sales of 11 rnllllon units annually are assumed to 

@revall over the evaluation time frame. This sales level is further 

assumed to break down ds follows: 

Full size cars with wheelbdse of 

> 114 Inches - 

Intermedldte and roillpdct sizes with 

a wtieclbas~ range of 100 to 113.9 lqches 

Subcompdct SI zes with wheel base of 

less than 1130 Inches 

2.2 rnilllon units 

5.2 mullion units 

3.5 million units 

As the redder will recdll, in Chapter 1 of this plan, 3 sales/usage 

levels were presented. These ,rere comblndt?ons of assutrled 011" bdg sales 

and automatic belt usage rates that could occur as the fleet of automatic 

restraint equl>ped cars IS introduced and (ised. The 3 levels were 

designated A, B and C in order of descending air bag sales by car size, 

and descending automatic belt usage rates after introduction. To provide 

the nulilerlcal reference, the assumption levels are repeated In Table 1. 
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TABLE 1 

ASSUMPTION ALTERNATIVES FOR AUTOMATIC RESTRAINT 

Air Bdg 
Sales Level 

A 

B 

AUtOrlldtlC h?lt 
Usage Level 

A 

SALFS AND USAGE RATES 

Percent of Cars Cqulpped with Air Bdgs 
(by bqheelbase range) 

> 114 lrl. 100-113.9 1r-l. <loo" a- 

50 40 25 

30 L5 10 

10 10 trace 

Aulor~at-rc Llelt I:s jge Rates (uercent) 

After 1 yedr 

80 

idI 

30 

Aft cr Qears -II 

60 

30 

3, 

T~IYCJUJ~OIU~ th 1 s Append? x the “6” level is lbed dF drl ?~dflpl~ for the 

calcul3tlons. Table 2 shorn the tkx,lPcted sales of dir bag and alltocuatrc 

belt restrdlnt eqJl$ped pdssenger Cdrs for the riociel yedrs 'i:i! through 

'86 with the "R" level sales/usdge ds\urn$tlrJns. Tbls, dnd all other 

subsequent cdlculdtions will not inclu(le venlcles olltlonally equipped 

r,ith autwidtic restrdl7t5. 



TABIt 2 

AUTOMATIC RtSTRAINT 5YSTEM SALES 

o AIM Bag Sales (000) 
Car SIZP 

Model Year 

0 AJtObldtlc h?lt SdjeS (000) 

Large 

1540 
1540 
1540 
1540 
1530 

Medl UIII kid 7 1 

0 
1300 
1300 
1300 
1300 

0 
3900 
3300 
3900 
3300 

0 

36: 

360 
3G0 

0 
0 

3240 
3240 
3240 

37 



Expected Accidents 

Based on hlstorlcal trends about 2 percent of the passenger car 

population 1s involved In a towaway coll~slon each year-l. Itlth this 

value assumed, the followrng dccldent proJectlons were cdlculdted. 

TMLt 3 

Fiscdl Ye?r -___-- :utomt1c Belts -- 

l H. Joksch, "Dcslc;n of FlelJ Pd551ve Gstrdl It Fvdl~dtlun," (en:c>r 
for the ~nvlronc~~~nt dnd Pidn, Report ih. 425lJ-h41. 
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A slmllar proJection was prepared to calculate the number of towaway 

accidents that are expected to occur within the National Accident 

Sampling System (NASS) sites. The proJection IS based on the assumption 

that there ~111 be 75 NASS primary sampling units operational by 

Septer,lber 1981, or shortly thereafter. 

TABLE 4 

PROJLCTEU NUWtK OF TOIJRWAY ACCIlItVTS AT 
NASS SITtS - BY TYPE IIF AUTI)M,?TIC KF$TtAINT SY3TLMS 

FY - Air Bag -- 

82 396 

Autoi,,at IC Selts 

924 

83 1968 5112 

34 453b 13584 

35 7320 24000 

86 10104 344 1 G 
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Addltlonal Assumptions 

Several assumptions underlie the estimates made from the data systems In 

the remaining sectlons of this Appendix. These are briefly 11sted below, 

together with relevant reference material. 

1. The front seat occupancy in todaway crashes averages 1.33. The 

reFerence for this factor 1s "Restraint System Evdludtlon ProJecr 

Codebook" by tiunrjenast and Kahane, INT HS 802 285, NHTSA, 1977. 

7. The ,lrobahlllty of a fatality 7nvolv1ncj an unrebtralned occupant 

In d lowa\!ay crlstl 1s .UOH. This IS bdsed on "A Statistical 

Afldlj51\ of Sedt '3elt Effectiveness in 1373-1975 (fodel Cars 

!rlvdlved 7r-1 TorJdway Crdshes, OllT HS fX2 035, NTI'5 1376. 

3. Effect i veness 2stlI,ldt~s [fdtdl lty reduction), 2y type of rlutollldi 1c 

restraint dre. 

(a) Air tarj all3ne 411 per-Lent 

(h) Alr bag and lap belt: 66 percent 

(z) Au%ornatlc belt whrn used. 50 percent 

These estimates jr-e based on iIocket 74-14, Uotlce 10 (YInal Ru'e 

of Standard 208). Federdl Register, Vol. 42, No. 128,P. 34299, 

Mashington, 1977. Uy tdklnq thtl c )tlq)oslte of these effectlvenr'ss 

assurl+tions, and proJectt?J belt usdge (~11 ten elsewhere), WC 

further obtain 

(d) /\lr bds system 11 ,)erLerll 

(e) AlJtOnldtlC tX?lt Sy5t6Vl varies wrth tl$ne as belt ucage 

Vdrleb. 

100 



4. The h+ll InJUry reducing effectiveness and the AIS 2 2 InJury 

reducing effectiveness of automatic restraints are about the same 

as the effectiveness in reducing fatalities. 

5. Manual belt usage in air bag equipped cars IS 14 percent. NHTSA 

estimates that only 14 percent of the natlon's drivers use their 

manual safety belts (Safety Belt Usage: Survey of Cars in the 

Traffic Populattoo, Pub. No. DOT HS 803 354, NTIS, 1978). There 

IS no reason to belleve this ~111 charlge bubstantlally. 

6. 4utJl?dtlc belt usdge 111 cat-5 wltn illdriddt.ory dutonatic restrdintb 

~111 be 60 percent after the first yrdr and 30 percent after two 

years, as shown 011 Table 1 of tnlj t\ppendlr, usage level ,3. 

7. The probdbl llty of Y+A lrl~ut‘y t3 dn ~lrlre>trair7~~d front seat 

OcCU,)dflt 1 IlVinl VCci In d tO&ItJdy Gras+ 1s .037. ThTs is based on a 

tablll3t1ori frorl 'he Vatlondl Crds? xverlty Study, Pre Apt-11 '73 

datch rJhlch contdl~ml hull unwl gIlted cdses. 

3. The probablllty of rtn 915 > 2 - or greater InJury to an unrestrained 

front seat occutlnnt 1rlvolve3 In a towawdy crash IS .08. This 1s 

based on the rource lluoted above (Assullptlon 7). 

9. The $rsbability of an 415 > - 2 incury to d front-seat occupant of d 

vehicle ln wh?ch dt ledst one oCCu,)dnt suffered d K+A inJury is 

.571; and the probability of an AI> > 2 inJury to an unrestralned - 

front sedt occu$dnt df d towed vehicle In which no occupant 

suffered I< or A InJury 1s -034. These values are based on data In 

the tdbdldtlons referred f3 In lten 7 above. These condlilonal 

probabllltles ~~111 be dsed 1'1 connection \rlth the VASS sampling 

plan d7scusbed furt$cr on. 
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SAMPLF SIZF KEC&JItICMEI\ITS FOR 
FARS LSTIMATCS 

Approach 

The Fatdl Accident Reporting System (FAKS) 1s a virtual census of polic? 

reported datd OH all fatal accidents occurring 1r-1 tCle fifty States and 

the Dlstrlct of Colurnb~d. Because lt IS a cpnLus thcw 1s no varlablll ty 

in ",ne data dttrlbutdble to sdr1/111tlg. All vdrldblllt/ In estilIdtlr)cj the 

~~rlderlylng popul~tlon pardlileter-s IS dt1rli>utjble to the yodel ~scd to 

estimt? the pardr,leters drld po5siblc non-bdr,ipl Iraq error. This 11ode1 the t 

~111 be used for estl~,~?tlny fatdlity t*educlrlg eFfectlveness 1s the 

follo\/ing. The fdtallty rdte "r" for arrtoiridtlL restrjlnts 1s the nutlbt*r 

of fronr seat occupant fatdlltles tll vl~lcd by the riwlber :,f veh7cle ycd1.s 

of on-the-r-odd exposure. T'w n II her of fdtdl 1 tl t?b 15 found froill FA"S ,~nd 

the eLilo ore 15 cdlcul.3tetl Troll Sdle5 0)' tlP I Cdr fey1 ,trdtlon htd. 

The probablllty of a fdtdllty in d ve~ll~l~ yCdr 1s ai~proxllli?tely 

blnorrlldl. 30th the Observed fdtdllty dnd Cx,)OSUW dre vle\Jf"i dS d salflple 

of a hypothetlcdl lrifllllte populdtlon. Therefore, toe obherved "x" 

fdt3lities In 'n" vehicle jedrs 1b d sdllpll frail JJI IrlflllJLe bl 1011ldl 

populdtlon kiitn pZx/q. Uslug t+ls Ilodel, we I dn flmj thP Loefficlent of 

varidt ion, CV(T) ds d fllnctl on of "x". 

c”2(r) z y-P) ,p: : .lL&PL - L$l.l = + 

As can be seen the Poisson dp,)ro<;lilation to the l~lnw~idl dl5trlbutlon 1s 

used. 
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The same model and data sources are used to calculate "C", the fatality 

rate for the control group of unrestrained occupants. The control group 

~111 consist of manual belt equipped model year 1981 cars of the same 

Size categories as the automatic restraint equipped cars. Since the 

control group Includes some manual restraint users, the observed fatality 

rate must be adJusted UpWdrdS to ylve the unrestrained fatality rate. 

The coefficient of vat-latlon of the control Jroup IS. 

CV(( ) = .04 

syster,. 

(.075)2 = (1 - .43)-' [; + (.04)2j 

Therfore. X - b3 fdtdll tlf=S. 

In other ,lcords, lnltl,il ly Sfd'J1, reslilts on dir bdg fffectivencss w 

avdllable after b3 fdtu 1 1: 1% ti IJC C)LLUrtTd. 

103 

111 be 

SubstltutlnJ lrlt.0 iqllst1on (l), for IP'I 11 re\illts for the air bdg - 



For refined results on the air bag system, and rnaklng slmlar 

substltutlons into Equation (l), x = 164. 

On the assumption that the effectiveness of the autornatrc belt system 

~111 be an average of 40 percent durlnJ 1982, a11d agaln substrtutlng unto 

Equation (l), x = 70 f]talTtles for lnl+ 1~i1 wsults, and x = 1% 

fatdlltles for refined results. 

In1t131 

Itefincd 

restrdrnt 5ystel,l, are shown 1'1 T;tL,lc b. 
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TABLE 6 

CUMULATIVE EXPECTED 

Expected by 
Air Bag 
System 

Hutomatlc Belt 
System 

l-l-82 

4-l-32 

7-l-82 

10-l-32 

l-l-83 

4-l-83 

7-l-83 

lo-l-23 

3 6 

10 25 

23 5s 

40 38 

67 16Y 

110 233 

167 441 

239 64” 

~i1101~1ng 3 2 I ionth tlilie lag froril the occurrence of the fatdlltle5 \hobJn 

in Table o to tnelr Jvsllabrllty from FIRS, we obtailrl the expected 

colipletlorl dates in Table 7. 

FATALITIES 

In1t1sl 9esul1s 

lieflned gesults 

TABLE 7 

FXPtCTED COMPLtTIDIi DATLS FO'i 
ANALYSIS OF CtlL CTIVENt>S 

(based on FAI!S data) 

11 c- :ag c\utorIiat ic Belt 
System Systetn --- 

Lrid 1judrtep 1983 4th quarter 1982 

4th Quarter 1'383 2nd +ldrter 1983 
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SAMPLE SIZE REQUIREMENTS FOR 
NASS ESTIMATES 

Approach 

The National 4ccldent Sampling System (NASS) 1s a prooability sample of 

the nation's accidents. It will be possible to make natlonjl estimates 

of the AI', > 2 reduclny effectlvencss of the air bdg syster~l, the dlr bdg - 

alone, t9e automdtic belt system and the dutmld%1c belts \/hen Ased. It 

k/711, moreover, be possible to ~ieds~re directly the ,~l,n,~llng i"r‘ror of d 

NR5S estin~nte - i.e., its likely varlahll~ty from 'I~V results gf a 

The '$?s3 is d btrdti fled cll~st~lr sdlq)1’=. First, 75 ger,cJr~phl~,cll areas 

(prillidr'y '5d1,1,~11nj uqlts, PSU, or c-l~~~ttir~) wre 5(?1p~~eed fro11 the llrlttel1 

StdteL. Fach PSU had so ,~e kno,rn ~~roo'1l)ll lty of hell:ctl 311 rI. Ill t1i1 1 

the P3J's d strdt~fled bdGIplf2 3f prrsorls 1 nvdi ved in to\ld\ljy Lrdsiies Is 

selected. i ach lwrs~.:n has SOI,IC known prwabl llty of lelect ion F2 

wlt'llrl the PSU. Thus, the prObdbl1it.y that I\IASS wll? sc31Pct a Iwrtlcdlar 

person froli, allrong the nation's crasCl lqvolved occupant\ 1s FIF2. 

ConserselJ, one o~~servatlon on YjAhC; COrreS,~OlldS t) I/Fit,, cr’dbh 

1 nvol veii versuns in the linlted StdtPS. That null\')er, l/Flt~, cdn be 

called the welyht xf a "j;\iS d?tu% 



The injury rate "T" for automatic restraints 1s the number of weighted 

towaway-Involved front-seat occupants with AIS 1 2 injury divided by the 

total number of weighted towaway-involved front-seat occupants. (The 

"number of weighted occupants" IS the sum of the weights of the NASS 

observations). 

The speclflc stratifled sample that has been considered for use with11 

the PSU's for automatic restraints will consist of two strata: 

(1) We ~111 saqle 100 percent of tne vehicles contalnl?y 1: or d 

injured front-seat occu+k3nCs 

(2) WC ~11 I sample 50 percent of the other towed vehicles. 

!Je will now develop a formula that allproxlmates the coefflclent of 

variation CV(T), as d function of X, the nullher of AIS > 2 injuries that - 

have occurred ln the Unlted States. The ForrlJla contains a number of 

slmpllflcatlons and has not been tested with actual NASS data. It 1s 

expected, however, to give a cons~rvatlve approxirnatlon, I.e., to 

overstate the true CV(T). 

Since NASS 1s a cluster sample, 

CV2(T) = CVL' 
B 

(7) + CVJ (r). 
w 

where CVs 1s the contrlbutlon to the CV from between-PSU varlatlon and 

CV,, 1s the wlthln-PSU contrloutlon. 
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An approximate, emplrlcal formula for CVB as a function of x has been 

developed for NHTSA In Contract DOT-HS-7-01706: 

CV$ (T); (.000597 + 16.38) 125 
X nl 

t1 /f 
WI, = ~ : ,; 

(1,) if 
= --+ 

J 3 

whet-c rl IS the total nul her uf 1r1vo1 Jed CIC( u,)dnt\ !t I 'I(' ""55 I':U's u>lr~r] 



. 

Since our stratified sampling scheme involves two strata wth fl = 1, 

f2 = .5 

CVw2(T) = -$ (.5)(w2) 
2 P&l-P& 

T' "2 

Since w2 

n-/f,, n2 
L = .L = 

n X’ 

CV$T) = -1-i w2 
PL( 1-P;) 

T" 
,? 

w2 = 1 - \r1 = 1 - (9.d7 (l-e)) - .5:3 - .3"7e, 



We assumed that the AIS& 2 injury rate for restralned occupants IS 

.08(1-e). We also assumed that the AIS>/ injury rate for persons 

who had k or A police-reported injuries was ,577 (regardless of restraint 

system). Therefore 

.08(1-e) = w,p, + w2p2 = (.0&7(1-e )X.577 )+wp 22 

and 

p2 - .Wl-el = 
w2 * 

Substituting these values of w2 and p2 Into the formula for LVw and 

noting that T = .08(1-e), we obtain 

= 
f&25(1-p2) 

X 

= 6.25 ( .863 + ,117e 1 
>- ,313 + ,087e x 

Finally, 

CV'(T) = CVB2(T) + CVwz(T) 

= ,001 + (27.3 + 



Data from the Continuous Sampling Subsystem of NASS are used to calculate 

"C", the AIS > 2 InJury rate for the control group of unrestrained 

occupants of manual belt equipped model year 1980 and 1981 cars of the 

same size categories as the automatic restraint equipped cars. 
. 

The coefflclent of varlatlon of the control group 1s. 

. 

. 
. 

I 

. 

CV(C) = .07 

Calculation of Required Sal,lple Size 

Uslny the equation for the varidrice of observed effecttverwss LEqudtion 

(1): 

V(e) = (1-e)2 [CV2(T(X)) + CV'(i)] 

KC SJl vc for "X" uslrtg the ForrrlJld for CV(T) and the value For CV(C) 

CV2(T) .ooi + (27.3 4 CL?') i.833 + A17t-j) 1 
m+.m x 

Ciql,) - (.O# 

Substltutlng into Equation (l), for l'lltlal results for the air bag 

system: 

(A)2 = (l-.43)2 
I ( 

.OOlt 27.3 + u.25 

Therefore X = 1344 AIS 3 2 rn.~urles 

In other words, lnltlal ly StJnle NAL5 rtlsults on ~1t" bdg syster,~ 

effectiveness ~111 be availdblc after 1344 AIS > 2 inJuries hdve occurred - 

In the United Stiltes. 



For refined results on the air bag system, and maklrg slmllar 

substltutlons into Equation (l), x=2330. 

rot- the air bag alone, and agaln substltutlng Into Equation (l), x=1528 

AI: > 7 inJuries for initldl results dnd x = 34X AIS > 2 Injuries for - - 

refined iriltial w~~llts. 

LdlcJldtion of ~-__-_I Lxpectcrl Lorpletiort Date's ----- --- 

the 



TABLE 8 

AIS > 2 INJURIES REQUIRED IN THE UNITED STATES 
FOR STABLE NASS RESULTS 

Air Bag Air Bag Auto. Belt Auto Belt Air Bag 
Systeni Alone System When Used + Lap Belt 

. 

. 
Initial 1344 1528 1528 981 415 

Refrned 2330 3438 3435 2015 ?33 

The number of anticipated front-seat occupant AIS > 2 lnjurles In the - 

Unlted Sates are shown 1q Table 9. 

TABLE 9 

CUPIIJLATIVL EXPLCJtO AIS > 2 
IhJUKIES IN THC &I Jtll STKK5 

Expected Air Bay Air t3dJ Auto. IjPl t Auto Belt Air Bag -t 
by Systeni illone systcri When Used - -_I__ -___-- Lap Belt 

10-l-32 4013 3bO !I:30 h55 40 

I-1-83 615 Ul{) lU9fl 1130 65 

4-1-83 11 Or) 990 Ld30 1s90 110 

I- l-83 ln70 1510 4410 2940 160 

10-l-83 2390 2160 b420 4LCO 230 

l-1-84 3210 296t’ 9000 id110 310 

It IS evident that even lnltially stable rc~sulls on the air bag plus lap 

uelt cannot be achTeved during the tlm tr CIIII~ of the NASS Special Study 

on automdtlc restraints. Allowing d 3 rllonth lag time frolli the occurrence 

of the ;nJurles shown In Table 9 to thelr dvalldblllty on NASS, we ohtaln 

the expected completion ddtes In Tdble 10. 
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SAMPLE SIZE REQUIREMENTS 
FOR STATE ESTIMATES 

. 

Approach 

Each of the 50 States and the D7str7ct of Colurtb7a ma7ita7n accident data 

files. As we have Just seen, NASS will take considerable t7me until 

sufficient dccldent experience 7s achieved to make defensible estimates 

of the 7nJury reduc7ng effectiveness of automatic restra7nt systems. In 

order to 17ave li70re timely estimates, 7t would be desirable to acquire 

dccident data frolr7 the States to supplement NASS data. 

Approx7matelj GO percent of all accidents occur 7n about ten (10) States. 

Gy exat77117ng data from f7ve to six of these IO States, NHTSA could 

cdptvre dbout 40 percent of the nation's acc7dents. 

The 7n7t7dt70n IJf a I71,ilted Accident Reporting System (LAIIS) would reduce 

the error rates found ln un loti757ed State datd tapes on variable\ \uch as 

the VIN (See Chapter 4, Project No. 3.). RuL even Id7th LARS 77, ~711 only 

')e possible to measure 7nJury reduction by the t,+\ cr7ter7or7, not the 

11s. Usually, though, h+A dnd AIS > ? inJury reduction are about the - 

sa,7e. The sa 1p1e size calculations that follow, do not take into account 

possible blase5 that lli7yht result fro11 State-to-State ditferences 7n the 

7lterpretat7on of what 7s an "A" level 7nJury. 



If all of the States whose data we ~111 be using rnalntaln records on 

UninJured ds well as 1nJUred OCCUpantS, the following model can be used 

for estlrilating inJury reducing effectiveness: The inJury rdte "T" for 

auton;atic restraints 1s the number of towaway-involved front-seat 

occupants with K or A inJury divided by the total ?ul,lber of 

towawdy-involved front-sedt occu,1ants. (If one or rlore of the States 

does not rnaIntalrl records on uninJured occclpdnts, we bhall let "T" be the 

nur,lber of towawdy-involved front-seat occu,,ants with I or (1 lqury 

(livided by the total ?ullher of towamj-ilvolvecl vehicles. ~JSC of th15 

dl terndtlve dpQrc)dCh krould not require ,dmple si zes I luch d I fft?rcnt frorlr 

the ones ,al~111~+4 r,elmi. ) 

The ,~r~uablllty qf j K or- A inJury to d toilaway 1 nvolve! occupant Is 

51llon1al. The observed dcCl&nt. dnj 1nJury ~xperlence IS vlC~d ds d 

sariple of 3 Iiy;lotheticdl ilf1riltP ,1opul3tlon. Therefore, the observed 

"x" F dr 1 inJuries 411mg "n" Invalved occupdnts Is d ;dqle from arl 

InfinIte bl?omlal po,)Uldtlon wl",h 1) = x/n. USI II) ?hl; mlel, WC Carl fjnd 

the COeffiClt~nt uf VdrldLlOrJ, CV(T) 1s a fUnCtlOn Of ‘IX’ 

CV2(T) - i'(l-p)/,? = (l-p) = 11-p) - g-.037(1-e)] 
n np X x 

= .913 t .087e 
x - 

the v+A lllurj rdte fur urlr-e,trdlled occupants (see where .O87 1s 

"Am11pt1ons") 

systelll in qtjes 

Lltld e 15 the effectiveness of t'lr dIJtOllldt IC rcstrdlnf 

tion. 



. 
. 

l 

. 

The same model and data source are used to calculate "C," the InJury rate 

for the control group of unrestrained occupants. The control group ~111 

consist of manual belt equipped model year 1981 cars of the same size 

categories as the automatic restraint equlp,>ed cars. Since the control 

group Includes some manual restrdint users, the observed InJury rate must 

be adJusted upwards to give the unrestralned InJury rate. 

The coefflclent of varlatlon of the control group IS: 

CV(C) = .02 

Calculation of the Required Sample Size 

tlon for the variance of observed effec Uslrly the equa 

[Equation(l)]: 

t 1 vefiess 

V(e) '(l-e)? [CV?(T(x)) + CV2(c)] 

we solve for "x" us 1 ng the bi 701~i31 

= (.913 + .087e)/x, CV2(C) = (.OL) 

model dlscr~ssed dhove, I.e., CV2(T) 

2. 

Substltutln3 into Equdtioti (l), for initial results for the air bag 

system. 

(.075)2 = (1 - .43)2 c.913 + .087 (.43) --- + (LqJ 
X 

Therefore: x = 57 K or A InJurIes 

In other words, inltlally stable results on air bag effectiveness will be 

available after 57 K or A inJuries hjve occurred in the States whose data 

we are using. 
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For refined results on the air bag system, and making slmllar 

substitutions Into Equation (l), x =131. 

On the assumption that the effectiveness of the automatic belt system 

will be an average of 40 percent durlnj 1982, and dg31rI SUbStltUt1n-J intO 

Equation (l), x - 63 K or A JnJuries for lnltlal results dnd x = 145 1 3r 

\ inJuries fur refjned results. 

l:tJUrleh JlJ5t 

AlJt ')I 13 1 C i!el t 

Systerll __- -- -- 

63 

145 



TABLE 12 

CUMULATIVE EXPECTED K+A INJURIES IN 
STATES WITH 40 PERCENT OF THE 

NATION's ACCIDENTS 

Expected by 
Air Bag 
System 

Automatic Belt 
System 

. 

. 

. 

. 

c 

l-l-82 11 27 

4-l-132 44 107 

7-1-82 98 2411 

10-l-02 174 42v 

i\llowlwj d 3 jwnth l;lj tliw fror,i occurrence of tt1c InJurlcS 5hOW11 ITI 

Table 12 to thpjr avallabllity frotrl LAilS, we obtiln the expeLtell 

col,r+letlon dates In Table 13. 

T,SLL 13 

i XPCt,l t-l) LOKPI t TION DATtS FOR 
ANALYSIS OF LktECfIVLNt>S 

(bdsed 0’1 LARS ddtd) 

In1 tidl results 

Kefin~d rewlts 


